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Effects of Aureomycin and P*? on Growth of Young Rats.* (20887) 


LEONARD ROSENTHALLt AND JAMEs F. MARVIN. 


(Introduced by K. W. Stenstrom.) 


From the Department of Radiology, University of Minnesota Hospitals, Minneapolis, Minn. 


The following is a report of observations 
made in a preliminary investigation of the 
effect of aureomycin in combatting growth 
retardation induced by a single intraperitoneal 
injection of P**. 

Methods and materials. Forty male rats 
of a Holtzman-Rolfsmeyer strain were divided 
into 4 groups. Group A was fed a Purina 
fox-checkers diet. Group B was fed Purina 
fox-checkers ground up with aureomycin-HCl 
(Lederle) at 2 mg per gram of feed(1,2). 
Group C was given the same diet as Group 
B, but each animal was injected intraperi- 
toneally with P®? at 2 wc/g body weight just 
before.the diet was offered(3). Group D was 
maintained on Purina fox-checkers, but each 
animal was injected intraperitoneally with P** 


* Supported in part by the Atomic Energy Com- 
mission. 
+ Now at McGill University, Montreal, Canada. 


at 2 pc/g of body weight. All animals were 
26 days of age at time of treatment and were 
housed two per cage; the pairs being from 
the same group. Cages were of plastic con- 
struction, containing a thick layer of wood 
shavings which was changed frequently. Food 
and water were available ad libitum. The 
animals were weighed at various intervals and 
were serially roentgenographed to determine 
tibial length. For roentgenography the ani- 
mals were anesthetized with, ether, and then 
firmly secured with adhesive tape face down 
onto the film casette. Special precaution was 
taken to see that both knee and ankle were 
firmly against the casette. X-ray exposure 
factors were 38 KVP, 100 ma., 1/20 sec and 
125 cm target-film distance. Tibial lengths 
were measured on the x-ray film with a pair 
of micrometer calipers. 


Results. All animals were alive at the 
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termination of the experiment. No _ toxic 
effects such as diarrhea were noted. The 
animals of Group B which received no radia- 
tion but were maintained on an aureomycin 
supplemented regimen exhibited a stimulation 
in growth. At 42 days post-treatment, the 
difference in weight between Group B and the 
control Group A (Table I) was statistically 
significant (P — 0.002). At 65 days post- 
treatment, the significance was questionable 
(P = 0.28). This suggests that aureomycin 
will stimulate initial gain in weight, but does 
not alter significantly the ultimtae weight of 
the animal. It is noteworthy that the ratio 
of weight. gain to tibial length increase for 
Group B (Table II) was significantly higher 
than for the control Group A for each value 
of tibial length. Aureomycin appears, (at 
this dosage) to favor soft tissue formation 
rather than a uniform increase in growth. 

The animals of Group D (which received 
one dose of P®? but no aureomycin) exhibited 
a generalized growth retardation, evident both 
in weight gain and in tibial length compared 
to the control Group A. The ratio of weight 
gain to tibial length increase for Group D 
was not significantly altered from that for 
Group A for any value of tibial length. 
This indicates that, although P*? tends to 
accumulate in the metaphysis adjacent to the 
epiphyseal cartilage plate, no overall selec- 
tive inhibition of bone growth occurs (with 
the dose of P®? administered). 

The animals of Group C (which received 
the same amount of P®* but were maintained 
on the aureomycin supplement) showed com- 
plete weight recovery by about 42 days post- 
treatment. The ratio of weight gain to tibial 
length increase remained higher than the 
control Group A for all values of tibial length. 
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Whether aureomycin mediates its effects 
through direct involvement in metabolic 
processes or indirectly through alteration of 
intestinal flora remain a topic for further 
investigation. 


Summary. 1. One group of rats (D), main- 
tained on a Purina fox-checkers diet, ad 
libitum, injected with 2 uc/g P* at age 26 
days, exhibited weight gain retardation of 
about 20% compared to a control group (A). 
2. Another group of rats (C), injected with 
2 pc/g P*? at age 26 days, but fed ground 
fox-checkers supplemented with 2 mg aureo- 
mycin per gram of feed showed no persistent 
retardation of weight gain, and ultimately 
attained normal weight. 3. A fourth group 
of rats (B), fed fox-checkers supplemented 
with the same quantity of aureomycin, showed 
initial increase of weight gain; final weight 
did not differ significantly from the controls. 
4. The ratio of weight gain to tibial length 
increase was the same for rats which received 
P®? (Group D) and the controls (Group A). 
P82 (2 pc/g given at 26 days) did not selec- 
tively inhibit bone growth. 5. Addition of 
aureomycin to the diet resulted in an increased 
ratio of weight gain to tibial length increase 
compared to the control group (A). Aureo- 
mycin (at 2 mg per g of feed) appeared to 
favor soft-tissue formation rather than a 
stimulation in general growth. 


1. Furth, F. W., Coulter, M. P., and Howland, 
J. W., Am. J. Path., 1952, v28, 185. 

2. Coulter, M. P., Furth, F. W., and Howland, 
J W., ibid., 1952, v28, 875. 

3. Koletsky, S., and Christie, J. H., zbid., 1951, 
Willy. WHS 
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Histological Studies with Rats Fed Diets Containing Iodinated Casein and 


Different Levels of Vitamin By>.* 


(20888 ) 


Hst Wanc, Haroip E. ScHEID, AND B. S. SCHWEIGERT. 


From the Divisions of Histology and Biochemistry and Nutrition, American Meat Institute 
Foundation and Department of Biochemistry, University of Chicago. 


Earlier studies in our laboratories with rats 
have shown that the nucleic acid content and 
cell count per unit weight of liver were re- 
duced, and that the liver weight to body 
weight ratio was increased in a vit. By de- 
ficiency(1). These studies have been ex- 
tended to evaluation of the histological 
changes that occur in certain tissues and 
organs of the rat maintained on vit. Byo- 
deficient and supplemented diets. In the 
present work a corn-soybean oil meal basal 
diet plus 0.06% iodinated casein(2), used in 
the rat assay method for vit. By.(3), was 
employed. Since iodinated casein was in- 
cluded in the diet, special attention was 
directed to studying histological changes in 
the thyroid gland. 


Methods. Weanling albino rats of the 
Holtzman strain were fed the basal diet 
either with or without the addition of 50 yg 
of vit. By. per kg of diet after a 2-week deple- 
tion period as described previously(2,3). 
After 4 weeks on experiment, animals from 
both groups and a control animal fed a stock 
diett were sacrificed for histological study. 
Other animals were kept on experiment for 
2 additional weeks to study the progression of 
changes noted. In addition, animals fed the 
basal diet for 4 weeks were fed the basal diet 
plus vit. By. from the fourth to the sixth week 
in order to test the recovery of the animals 
deficient in vit. By2. Seven animals had been 
fed the deficient diet, 5 the By2-supplemented 
diet, and 2 animals the deficient diet for the 
first 4 weeks, and the supplemented diet from 
the fourth to the sixth week on experiment. 
The differences in weight attributed to dietary 
treatment (7.e., an average weight of 182 g 
for the Byo-deficient group and 251 g for the 
By2-supplemented group at 6 weeks on ex- 


* Journal Paper No. 84, American Meat Institute 
Foundation. 
+ Rockland rat pellets, complete. 


periment) were slightly less than observed 
previously with this dietary regime(2,3). The 
following organs and tissues were taken for 
histological study: liver, thyroid, testis, bone 
marrow (femoral), and skeletal muscle (gas- 
trocnemius). The tissues were fixed in 
freshly prepared Zenker-formol and processed 
by the standard celloidin technic. All organs 
were cut at 10 » and stained with hematoxylin 
and eosin except muscle, which was stained 
with hematoxylin and Van Giesen’s. Bone 
marrow tissues were examined under oil im- 
mersion for stages in red cell differentiation 
and other myeloid elements. The thyroid 
glands were sectioned in their entirety; and 
representative sections from the remaining 4 
organs and tissues were prepared and studied. 

Histological observations. No differences 
in the histological picture of the liver, muscle, 
and myeloid tissues were found between Bj>- 
deficient and the control animals. Histologi- 
cal changes were present, however, in the 
thyroid and testis of the By,.-deficient rats. 
The following changes were observed in all 
animals studied in each group. 

Two main changes were observed in the 
thyroid gland of the vit. By,2-deficient ani- 
mals: 1) a reduction in the size of the secre- 
tory cells; and 2) accumulation of colloid in 
the follicles. Thus, the secretory cells were 
reduced to a low cuboid type in a gland taken 
from a rat fed the Bys-deficient diet for 4 
weeks. The reduction was observed primarily 
in the cytoplasm of these cells. Practically 
all the follicles of the gland were filled with 
colloid, which took the hematoxylin stain uni- 
formly and intensively. Vacuoles in these 
follicles were rather rare. These changes are 
indications of a reduced secretory activity of 
the gland. 

Advanced degenerative signs of the gland 
were found in rats fed the B,.-deficient ration 
for 6 weeks. There was reduction in the size 
of the secretory cells over that observed at 
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FIG. 1—B,, deficient diet for 6 wk (X 50). FIG. 2—An enlarged portion of Fig. 1 
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(X 215). FIG. 83—B,, deficient diet for 4 wk then B,. supplemented ration from fourth to sixth 
wk (X 50). FIG. 4—An enlarged portion of Fig. 3 (X 215). FIG. 5—Stock diet (x 215). 
All Zenker-formol fixed and stained with hematoxylin and eosin. 


4 weeks. These cells were quite flat and the 
nuclei were oriented parallel to the basement 
membrane of the follicle. The colloids per- 
sisted in these follicles and stained a dark 
blue with hematoxylin. These changes are 
highly indicative of a very low or non-existent 
secretory activity of the gland.+ These re- 
sults suggest that the gland of the Bypo- 
deficient animal was not secreting any appre- 
ciable amount of thyroxine. 


Some improvement in the thyroid gland 
occurred with vit. By. supplementation from 
the fourth to sixth week on experiment as 
compared to results for animals fed the Bj»- 
deficient diet for the entire 6 weeks, but the 
thyroid was not normal. In the group fed 
vit. B,;. throughout the experiment, thyroid 
glands were examined after the animals were 
on experiment for 4 and also for 6 weeks. No 


t+ Probably such a gland would be smaller, al- 
though no attention was given to this at the time 
the animals were sacrificed. 


marked differences were noted between ani- 
mals on experiment for 4 and 6 weeks and, 
while the thyroids showed less abnormalities 
than those from the deficient animals of com- 
parable age, they also were not normal. The 
histological pattern of the thyroids from ani- 
mals fed the By.-supplemented diet for the 
entire experiment was similar to that for ani- 
mals fed the supplemented diet from. the 
fourth to the sixth week of the experiment. 
It is possible that the level of vit. By» fed (at 
least 3 times that required for optimum 
growth) may not have been sufficient to sup- 
port normal thyroid activity or that supple- 
mentation with vit. By. for a longer period 
would have resulted in complete recovery. It 
is more likely, however, that the proposed 
anti-thyrotoxic factor in liver(4,5) as well as 
vit. By. is needed for complete recovery. In 
fact, measurement of histological changes in 
the thyroid may be a sensitive assay for the 
unknown factors in liver, particularly when 
low levels of thyroid-active materials are fed 
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and only small differences in growth rates 
with liver supplements are observed. 

No difference was observed in the histology 
of the testes of the rats fed the basal ration 
plus 50 pg Bi2/kg ration, as compared to 
the stock diet. The structure of both the 
seminiferous tubules and the cells of Leydig 
(interstitial tissue) in these testes indicated 
a perfectly functional state in spermatogenesis 
and male hormone production. 

The testes of the Bys-deficient rats showed 
definitive signs of abnormality of a progressive 
nature. They consisted of: 1) shrinkage of 
the seminiferous tubules with the result of in- 
creased intertubular spaces; 2) decreased 
spermatogenetic activity; and 3) degeneration 
of the interstitial tissues. These histological 
changes were present in a mild degree in 
testes from animals fed the By».-deficient diet 
for 4 weeks, but reached an advanced stage in 
animals fed the same diet for 2 weeks longer 
(Fig. 1 and 2). Spermatogenetic activity 
was greatly reduced after 6 weeks. In the 3 
seminiferous tubules enlarged in Fig. 2, there 
were only a few spermatogonia left in the 
germinal epithelium. All other germinal cells 
higher in the process of differentiation had 
completely atrophied. The lumen of these 
tubules was filled with a mixed debris con- 
sisting of degenerate sperm cells and sperma- 
tids. The cells of Leydig were also highly 
pyknotic in appearance and scanty. 

The testes of the animals fed a diet sup- 
plemented with vit. By. from only the fourth 
to sixth week were normal (Fig. 3 and 4 as 
compared to 5). These results are in contrast 
to those observed for the thyroid. 


Discussion. These results suggest that the 
thyroid gland and the testis were affected by 
the deficiency of vit. Bys. Atrophy of the 
thymus and changes in other organs observed 
when thyroid stimulants were fed(6,7) were 
corrected either by feeding vit. By. or certain 
crude materials. In other studies(8) atrophy 
of the thymus gland induced by cortisone in- 
jections was largely counteracted by feeding 
vit. Byo. It is also quite possible that the 
observed disturbances of the thyroid gland 
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and testis were reflections of a decreased 
output of certain of the anterior pituitary 
hormones which occurred in the vit. Byo- 
deficient animals. Experiments with the ad- 
dition of liver preparations to the diet, and 
histological studies on the pituitary gland 
would be very valuable in evaluating these 
possibilities. 

Summary. 1. A histological study was 
made of the thyroid, testis, liver, muscle, and 
bone marrow from rats fed diets containing 
iodinated casein and varying levels of vit. By». 
No marked changes were observed in the liver, 
muscle or bone marrow of the vit. Byo- 
deficient rats, while extensive changes were 
noted in the thyroid and testes. 2. The de- 
generative changes in the thyroid gland were 
more severe with increased time on experi- 
ment; however, these changes were only par- 
tially counteracted when vit. By. was fed. 
3. Decreased spermatogenetic activity, shrink- 
age of the seminiferous tubules, and degenera- 
tion of interstitial tissues of the testes ob- 
served in vit. By,.-deficient rats were com- 
pletely counteracted by feeding vit. Bio. 
4. The relationships of these observations to 
the anti-thyrotoxic factors from liver and 
pituitary function have been discussed. 


We are indebted to Mrs. Nehema Maynard and 
Mrs. Virginia Bates for assistance in preparation of 
the slides. 
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Plant Growth Inhibition by Streptomycin and Its Prevention by Manganese. 
(20889 ) 


WALTER G. RosEN.* 


(Introduced by Folke Skoog.) 


From the Department of Botany, University of Wisconsin. 


The literature concerning streptomycin 
(SM) effects in plants has been reviewed 
(1,2). Exposure to suitable concentrations 
of SM has been reported to result in two gen- 
eral effects: inhibition of growth and ‘‘bleach- 
ing.” In higher plants growth inhibition re- 
sulting from SM treatment consists of inhibi- 
tion of leaf expansion, of root growth, and of 
stem elongation. Bleaching refers either to 
the loss of chlorophyll from green tissue or to 
the failure of potentially chlorophyllous tissue 
to become green after exposure to SM. Both 
bleaching and growth inhibition have been re- 
ported to occur after treatment of certain 
phytoflagellates(3,4), germinating seeds of 
various monocots(1,5,6), carrot tumor tissue 
(7), and seedlings of radish(8), and bean(1). 

As a means of investigating the growth 
inhibiting action of SM an effort has been 
made to reverse or prevent this inhibition by 
the application, in conjunction with the SM 
treatment, of various metabolites and other 
compounds which might enhance growth of 
plant tissue. 


Materials and methods. For this purpose 
the effect of SM on the growth (cell elonga- 
tion) of Avena coleoptile sections has been 
studied. The seedlings (Avena sativa var. 
Swedish victory) were grown in the dark as 
for the standard Avena test. After approxi- 
mately 72 hours a section 5.3 mm in length 
was cut from near the apex of the coleoptile 
of each seedling with a double-bladed cutter, 
and 10 such sections were floated on 10 ml of 
each solution to be tested, in 125 ml Erlen- 
meyer flasks. The experiments were con- 
ducted in a dark-room at 24-25°C and 85- 
90% relative humidity. Red light was used 
for manipulations. After 24 hours the sec- 
tions were removed from the solutions and 
their length measured with an ocular microm- 
eter in a binocular dissecting microscope. All 
test solutions contained 2% sucrose. Indole- 


* National Science Foundation Predoctoral Fellow. 


3-acetic acid (IAA) was supplied in different 
concentrations within the optimal range for 
growth promotion (1-10 mg/l). No appre- 
ciable difference in the SM _ inhibition of 
growth or in its reversal was observed within 
this IAA range. In each experiment the 
controls were supplied with IAA and sucrose 
only. SM concentrations are expressed as 
mg of SM base per liter. SM and dihydro 
SM sulfates were equally effective. The 
average increase in length of the sections in 
the various test solutions is expressed as a 
per cent of the increase in length of the con- 
trols. The mean elongation of the controls, 
which were initially 5.3 mm long, varied from 
Seo nUO Se Se Tina. 

Results. Fig. 1 shows the effect of increas- 
ing concentrations of SM. Low concentra- 
tions (0.001-1.0 mg/l) caused a slight but 
variable increase in elongation. All SM con- 
centrations above 1 mg/l which were tested 
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FIG. 1. Effect of streptomycin concentration on 
elongation of Avena coleoptile sections. (Sucrose, 
2%; IAA, 1-10 mg/l; each point based on 1 to 9 
experiments. ) 
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FIG. 2. Effects of manganous ion concentration 

on elongation of Avena coleoptile sections in pres- 

ence and absence of streptomycin. (Sucrose, 2% ; 
JAA, 1 mg/1.) 
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inhibited elongation. Ten and 100 mg SM/1 
caused decreases of about 20 and 80%, re- 
spectively, but even with 100 mg SM/1 the 
sections retained normal turgor, indicating 
that despite the drastic reduction in growth, 
they were not killed. For this reason, 100 
mg/l was the SM concentration employed in 
most experiments. 


Since the Mn++ ion enhances seedling 
growth(9) and has been shown to enhance 
the elongation of Avena coleoptile sections in 
the presence of JAA and sucrose(10), the 
effect of serial concentrations of this element 
was tested in the presence and in the absence 
of SM. A marked effect on elongation was 
noted with both manganous chloride and sul- 
fate. Inasmuch as other chloride and sulfate 
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salts were without comparable activity, the 
effect appears to be due entirely to the Mn* + 
ion. The results of a typical experiment are 
shown in Fig. 2. It will be noted that 
throughout the stimulatory range of Mnt* 
concentrations the effect of the element was 
considerably greater in the presence of SM 
than in its absence. This indicates that the 
effect of the Mn*+~* ion in the presence of 
SM is not merely a general enhancement of 
growth. In 5 separate experiments the op- 
timal concentration of Mn++ (10? M) al- 
lowed growth of the SM-treated sections 
which averaged 106.8 + 4.6% of that of the 
controls. Higher concentrations of Mnt+ 
were inhibitory, also in the absence of SM. 
Typical average increases in length, with 
standard errors, obtained in the presence of 
either 100 mg SM/1, or 10? M Mn+, or 
both, are shown in Table I. 

The inhibition resulting from SM concen- 
trations in excess of 100 mg/l was at least 
partially prevented by simultaneously applied 
high concentrations of Mn++. However, 
complete protection from inhibition by the 
highest levels of SM employed (500 and 1000 
mg/l) could not be obtained, possibly be- 
cause of osmotic and/or toxic effects of the 
high Mn++ levels themselves. These points 
are illustrated in Fig. 3. 

Chloride salts of other cations have been 
tested for activity in preventing SM_ inhibi- 
tion of coleoptile elongation. Na+, Mgt, 
Nit+, and Co++ were without effect. Ca++ 
appeared to be about 50% as effective as 
Mnt*. Although Kt itself was without 
effect, the effects of Ca++ or Mn++ were 
increased in its presence. Mn++ was effec- 
tive in preventing SM inhibition also in the 
presence of various combinations of cations, 
including dilute major element nutrient solu- 
tion. 

Various sugars, amino acids, and Krebs 


TABLE I. Growth (in mm) of Avena Coleoptile Sections Exposed to Mn++ (10-8 M) and 
Streptomycin (100 mg/l), Alone and in Combination; (Sucrose, 2%; ITAA, 1 mg/1; Initial 
Length of Sections, 5.3 mm). 


Increase 
No Mn 


No streptomycin 


Streptomycin, 100 mg/1 


in length Mn 10? M No Mn Mn 10° M 
Avg AOE il AO E22 Qe oh Cifig eas 6% 
Rel. (%) 100 + 2:5 123° = 5.0 BR aE DS NO) ess 1) 
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FIG. 3. Effect of manganous ion concentration on 


elongation of Avena coleoptile sections in presence 

of 2 concentrations of streptomycin. (Sucrose, 2% ; 

TAA, 1-10 mg/l; numbers in parentheses indicate 

number of experiments upon which each value is 
based. ) 


cycle acids, as well as Coenzyme A and 
adenine, were without significant effect in 
preventing the SM inhibition. 

Experiments were conducted to determine 
the effect of exposure of the sections to SM on 
their subsequent growth in Mnt* solutions, 
and vice versa. Marked inhibition resulted 
when the sections were treated with 100 mg 
SM /1 for as little as one hour. This inhibition 
was not reduced significantly when the sec- 
tions were transferred from SM to a solution 
containing Mn++. Pretreatment with Mnt+ 
appeared to result in a slight reduction of SM 
inhibition, however. 

The effect of Mn++ on the bacteriostatic 
action of SM has been examined in cultures 
of Escherichia coli “B”. The bacteria were 
grown in nutrient broth containing 0.5% 
sodium chloride, and growth was measured 
as change in optical density. It was found 
that these cultures were inhibited equally in 
the presence and absence of Mnt*. 


Discussion. The observation that the bac- 
teriostatic action of low concentrations of SM 
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is not affected by the presence of relatively 
high concentrations of Mn++ suggests that, 
in preventing SM inhibition of the growth of 
higher plant tissue, the action of Mn++ is 
upon cellular processes rather than a reaction 
with the SM molecule itself. This ability of 
Mn** to reduce growth inhibition of higher 
plants by SM without affecting bacteriostasis 
may prove to be of value in the control of 
bacterial plant pathogens with SM. The re- 
sults do not reveal the nature of the inter- 
action of Mn*+ and SM. The rise in optimal 
Mnt* concentration with increasing levels 
of SM suggests competition between the 2 
substances. If this is so the inefficacy of pre- 
and post-treatments with Mn++ would indi- 
cate that SM has a vastly greater affinity than 
Mn~*~ for the reactive site. This is not sup- 
ported by the relatively low Mn++/SM mole 
ratio which prevents SM inhibition in com- 
bined treatments. Other possibilities consist- 
ent with the present findings are: 1) that 
Mn*t* activates an alternative, SM-insensi- 
tive metabolic pathway in the higher plant 
tissue which is not present in the tested strain 
of FE. coli, and 2) that Mntt prevents the 
entry of SM into the higher plant cell. Ex- 
periments designed to test these hypotheses 
are now in progress. 


Summary. The marked growth inhibition 
of Avena coleoptile sections caused by 100 
mg streptomycin/] was prevented when man- 
ganous ions were added to the test solution. 
Pretreatment with Mn*~* had only a slight 
effect on SM inhibition, and post-treatment 
was ineffective. Other cations and various 
organic compounds were without activity 
comparable to that of Mn*~* in preventing 
the streptomycin inhibition of growth. Mn++ 
did not reduce streptomycin inhibition of the 
growth of E. coli “B” in liquid culture. 


The author gratefully acknowledges the guidance 
of Prof. Folke Skoog in these experiments and in the 
preparation of the manuscript. Thanks are also due 
to Prof. J. Lederberg for advice and for the use of 
facilities of his laboratory for the tests on E. coli. 
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In studying the action of pyridoxal on the 
concentrative uptake of amino acids by the 
Ehrlich mouse-ascites tumor cell, an anti- 
hemolytic action toward the contaminating 
red blood cells was accidentally noted. The 
cause of the spontaneous hemolysis in the 
ascitic fluid im vitro is unknown, but samples 
to which mM pyridoxal had been added 
escaped red cell breakage. Although we have 
not been able to demonstrate at will a pro- 
tective action of pyridoxal at this level, an 
antihemolytic action can readily be shown at 
a 10 mM level. 

Method. The procedure used was much 
like that of Wilbrandt(1). Blood was taken 
by venipuncture from persons in the post- 
absorptive state, and the blood treated with 
heparin. Aliquot portions were added to 2 
samples of 10 volumes of the medium of 
Raker e¢ al.(2). In one of the 2 portions of 
medium 10 mM per L of pyridoxal, or of 
sodium indoleacetate, replaced 5 or 10 mM 
per L of sodium chloride, respectively; in this 
way the osmotic pressure was kept uniform. 
The suspensions were then shaken for one 
hour at 37°C in an atmosphere of 95% 
oxygen and 5% carbon dioxide. Aliquot por- 
tions were then added with stirring to 10 to 
20 volumes of hypotonic sodium chloride, 
buffered at pH 7.4 with 15 mM sodium phos- 
phate. The suspensions were stirred occasion- 
ally for an hour, then centrifuged and the ex- 
tent of hemolysis determined by measuring 
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spectrophotometrically the optical density of 
the supernatant hemoglobin solutions. The 
time intervals were not critical; the same re- 
sults were obtained after 15 minutes of ex- 
posure to hypotonicity. In calculating the 
osmolarities of the hypotonic solutions ac- 
count was taken of the volume of the Raker 
medium and plasma included in the mixture. 

Results and discussion. The results are 
illustrated in Fig. 1. The shift of the position 
of the curve was by 5 to 10 milliosmoles per 
liter. This effect would be expected if pyri- 
doxal caused a displacement of cell solutes or 
a shrinkage of the cells. With the carcinoma 
cells of the Ehrlich ascites tumor, pyridoxal 
causes large amounts of potassium to move 
out of the cells; this shift is partially com- 
pensated by chloride exodus, and _ partially 


by sodium entrance into the cells(3). The 
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FIG. 1. Antihemolytic action of 10 mM pyridoxal 


(A and B) and indoleacetate (C). The encircled 

points represent the degree of hemolysis when the 

chemical agent was present, the crosses, when it 
was absent. 
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cells shrink considerably. Erythrocytes show 
a similar but smaller shift both of electrolytes 
and water. ; 

Indoleacetic acid also causes shrinkage of 
the tumor cells, and loss of potassium chloride. 
With erythrocytes the effect was quite small, 
although definite shrinking was seen(3). In 
correspondence the indoleacetate ion showed 
a smaller effect than pyridoxal in the present 
experiments (Fig. 1). 

Evidence obtained with tumor cells from 
pyridoxine-deficient mice implicates pyridoxal 
in the normal process of amino acid accumu- 
lation by these cells(3,4). <A close relation- 
ship to the transfer of potassium into cells is 
also indicated(3). 

Summary. Pretreatment of erythrocytes 
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with 10 mM pyridoxal makes the cells subse- 
quently more resistant to lysis by hypotonic 
solutions. Indoleacetic acid shows the same 
behavior to a smaller degree. These effects 
are attributed to a net loss of cell solutes in 
the form of potassium and chloride which the 
agents produce. 
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Producing Isoniazid Neuritis.* (20891) 
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(Introduced by L. H. Schmidt.) 


(With the technical assistance of Florence C. Beall and Cora Ellen Kennedy.) 
From the Department of Internal Medicine, University of Cincinnati College of Medicine, Cincinnati. 


Peripheral neuritis occurs as a side-effect 
of isoniazid (isonicotinic acid hydrazide, 
INH) therapy in tuberculosis, particularly 
when large doses are employed(1-6). This 
usually consists of paresthesia and numbness 
of the fingers and toes, advancing centri- 
petally, with muscle soreness and weakness in 
some cases if medication is not discontinued. 
Vibratory sense may be impaired, and patchy 
hypesthesia has been seen. Reflexes may be 
diminished or exaggerated. The symptoms 
usually disappear within a few weeks if INH 
is promptly discontinued at the onset; how- 
ever, late residuals such as burning feet, 
atrophy, fasiculation, and paresthesia may 
persist for months. In our experience, using 
a dose of 20 mg/kg/day of INH, neuritis 
has appeared in a predictable percentage of 
patients within definable limits of time. The 
similarity of this side effect to the neuritis 
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induced by the vit. Bg antagonist, desoxypyri- 
doxine(7), has led us to investigate vit. Be 
metabolism in patients who were receiving 
INH for tuberculosis. The data to be re- 
ported indicate that INH does interfere with 
Be, metabolism, and that the neuritis may be 
prevented with large doses of Bg. 


Materials and methods. Subjects. All sub- 
jects studied were adult patients with active 
tuberculosis either on the wards of the Cin- 
cinnati General Hospital, or at Dunham 
Hospital, Cincinnati. During the study, all 
were receiving streptomycin (SM), one g 
daily or twice weekly. All patients were 
given the regular hospital diet. The various 
aspects of the study were carried out con- 
currently. Leading questions concerning 
symptoms of neuritis were avoided in evalu- 
ating the course of the patients, in order to 
eliminate the factor of suggestion. Any re- 
marks by the patient, on the other hand, pos- 


‘sibly connected with the onset of neuritis were 


pursued carefully. Neurologic testing was 
performed, but served no useful purpose in 
detecting the onset of neuritis. IJucidence of 
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neuritis. Thirty-six patients received 20 
mg/kg/day of INH in order to establish the 
incidence of neuritis at this dose level. This 
is an extension of the previously reported 
series(5), in which neuritis appeared in 5 of 
12 (42%) cases. Effect of pyridoxine in pre- 
venting and reversing INH neuritis. Twenty 
patients were given 150-450 mg of pyridoxine 
daily, beginning when INH therapy (20 mg/ 
kg/day) was started, and were observed for 
at least 10 weeks on this regimen. Other pa- 
tients were treated with 300-450 mg of pyri- 
doxine daily, in addition to INH, at the onset 
of INH neuritis. The effects of pyridoxine 
50 mg and of a combination of thiamin 80 
mg and niacin 200 mg in 2 groups of matched 
cases of late residual INH neuritis were ob- 
served. Effect of INH on Be metabolism. 
Twenty-one patients were studied for the 
effects of INH on Bg metabolism. Following 
admission to the hospital, these patients were 
observed for a few days, and control samples 
of urine were obtained. Twelve then re- 
ceived 20 mg/kg/day of INH, 6 received 
3-5 mg/kg/day, and one received no INH. 
The latter case received instead p-amino- 
salicylic acid, 12 g daily. Laboratory de- 
terminations. Serial 24-hour urine samples 
were analyzed for excretion of vit. Bg(8,9), 
pyridoxic acid(10), and N,methylnicotina- 
mide(1i). Xanthurenic acid (XA) excretion 
was measured in 24-hour urine samples before 
and after an oral test dose of 10 g of dl-tryp- 
tophane(12). A rise in XA excretion to at 
least 30 mg/24 hours after tryptophane was 
accepted as indicating a deficiency or meta- 
bolic block of Be. 

Results. Neuritis occurred in 14 of 36 pa- 
tients (40%) receiving 20 mg/kg/day of 
INH. Its rate of occurrence in the later cases 
agreed with that of the earlier series pre- 
viously reported(5). The length of time for 
neuritis to appear in the 14 cases after the 
start of therapy is indicated in Table I. The 


TABLE I. Time of Onset of Neuritis after Start- 
ing of INH (20 mg/kg/Day). 


Wk of INH therapy 
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FIG. 1. Effect of 20 mg/kg/day of INH on B, 
excretion. INH was started on 10th day in this 
patient. 


20 patients who received pyridoxine from the 
beginning of INH therapy did not develop 
neuritis, after at least 10 weeks of treatment. 
On 2 occasions, at the time of the onset of 
neuritis, pyridoxine failed to reverse the 
symptoms, after 3 and 16 days. Another case 
responded to pyridoxine, and it and INH 
(20 mg/kg/day) were continued for 9 weeks. 
Neuritis reappeared when pyridoxine was in- 
advertently discontinued. Late residual neu- 
ritis in 22 patients did not respond either to 
pyridoxine or to thiamine and niacin. 


An example of the effect of INH on the 
daily excretion of Bg can be seen in Fig. 1. 
A control period of 9 days, during which the 
patient received SM only, preceded the ad- 
ministration of INH. On the day after INH 
was added, there was a striking increase in 
Bs excretion. Fig. 2 shows the average Bg 
excretion in all cases. Each patient receiving 
INH exhibited significantly increased excre- 
tion of Bs, the most striking elevations ap- 
pearing in the 20 mg/kg/day group. No in- 
crease was seen when PAS was used in place 
of INH. Bg excretion would promptly fall to 
normal if INH were stopped. 

Excretion of pyridoxic acid and N,-methyl- 
nicotinamide were normal. 

XA excretion following tryptophane was 
greatly increased, but in an irregular fashion, 
in patients receiving 20 mg/kg/day, as is 
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FIG. 2. Average values of B, excretion during 


treatment with 20 mg/kg/day of INH, 3-5 mg/ 
kg/day of INH and no INH. 


seen in Table II. If Bg were given when the 
XA was elevated, a prompt fall to normal 
would occur. Lower XA levels were observed 
with the lower dose of INH, but even some 
of these tended to be abnormally high while 
INH was being given. The absence of pre- 
treatment values in the latter group is unfor- 
tunate, since abnormal values for XA excre- 
tion after tryptophane may be present at the 
time the patient is admitted to the hospital, 
presumably due to relative malnutrition dur- 
ing the toxic stage of tuberculosis. Such ele- 
vations, however, fall rapidly to normal when 
B, is given and somewhat more slowly on the 
hospital diet. These patients had been ob- 
served in the hospital for from 3 to 6 weeks 
before the tests were performed. By this time 
XA levels are ordinarily normal. 

Discussion. The incidence of neuritis, un- 
der the conditions described, was 40%. It 
usually appeared during the fifth to seventh 
week. In only one patient did it appear as 
late as the 17th week. In sharp contrast, none 
of the 20 patients on pyridoxine and INH 
developed neuritis while on treatment for over 
10 weeks. On this basis, it would appear that 
pyridoxine in large doses has prevented the 
appearance of neuritis. It cannot be con- 
cluded, however, that factors unrelated to 
B, may have played some part in producing 
neuritis in our patients. The incidence of 
neuritis in tuberculosis cases in general is 
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considerable, and Bg abnormality may serve 
only as a precipitating factor in the neuritis 
associated with INH. Sufficient studies were 
not permitted to determine whether large 
doses of pyridoxine would reverse the neuritis 
at its onset, even though INH was continued. 
In one out of 3 cases this appears to have 
happened. 

Metabolic antagonism with nicotinic acid 
has been suggested as a mechanism for the 
production of this neuritis(1-3). If this were 
the case, pellagra should be the clinical result, 
and there is no clear cut evidence that INH 
has induced this syndrome. Neuritis is not a 
part of nicotinamide deficiency in human 
beings(13), and in our cases normal N,meth- 
ylnicotinamide values were obtained in the 
urines. On the other hand, neuritis has been 
produced by pyridoxine deficiency in suckling 
pigs(14) and by Bg antagonism in human 
beings(7). 

Bg deficiency has been demonstrated in our 
series by the elevation that occurred in XA 
excretion after tryptophane. At the same 
time a sharp increase in Bg excretion has been 
observed. The data do not support the thesis 
of metabolic antagonism. They suggest either 
a disorder in renal conservation of Bs, which 
seems a remote possibility, or a chemical al- 
teration of this vitamin by INH and its ex- 
cretion. Mutual interference between pyri- 
doxal and hydrazines or hydrazides has been 
shown. Minute concentrations of hydrazine 
(0.001 molar) completely inactivate amino 
acid decarboxylases that are known to re- 
quire pyridoxal phosphate as coenzyme, 
whereas hydrazine is virtually ineffective 
against those enzymes which do not require 
pyridoxal(15). Pyridoxine has been claimed 
to be an antidote to certain other toxic ef- 
fects of INH and thiosemicarbazide(16,17). 
“Metabolic antagonism” between INH and 
pyridoxal has been thought to exist in the 
case of colon bacillus tryptophanase and ar- 
ginine decarboxylase(18,19), both of which 
require pyridoxal phosphate as coenzyme. 
The presence of the hydrazide moiety in each 
of these Bg “antagonists”, suggests that pyri- 
doxal is inactivated by the formation of a 
hydrazone. That pyridoxal isonicotinyl hy- 
drazone may have been formed and excreted 
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TABLE II, Excretion of Xanthurenie Acid (mg/24 Hr) following 10 g of DL-Tryptophane 
before and during INH Therapy (20 mg/kg/Day), in 12 Patients. 


Wk of INH therapy 
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* Patients receiving pyridoxine at these times. 


in our subjects, with re-hydrolysis into pyri- 
doxal during the preparation of the filtrate 
for Bg assay, appears to be the most likely 
mechanism for explaining the phenomena we 
have observed. 

The influence of pyridoxine on the course 
of the tuberculosis of the patients studied has 
not been evaluated. So far, in vitro studies 
have failed to demonstrate any effect of pyri- 
doxine in altering the effectiveness of INH 
against the H37Rv strain of M. tuberculosis. 

Summary and conclusions. The excretion 
of an excess of vit. By has been demonstrated 
in patients receiving isoniazid, with the ir- 
regular appearance of abnormal amounts of 
xanthurenic acid following a test dose of 
tryptophane. The effect is more marked in 
those getting a higher dose of INH. Such 
laboratory evidence of Bg abnormality pro- 
vides a cause of peripheral neuritis. Pre- 
liminary results suggest that the addition of 
pyridoxine to the high dose of INH prevents 
neuritis, which otherwise occurs in 40% of 
the cases. 
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is appreciated. 
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A Simplified Procedure for Obtaining Follicle-Stimulating Hormone from 


Sheep Pituitary Glands.* 


(20892) 


W. H. McSuan, C. M. Kacawa,t anp Roranp K. MEVER. 


From the Department of Zoology, University of Wisconsin, Madison. 


It was reported previously(1) that satu- 
rated solutions of NaCl and KCl could be 
used at 70°C for extracting gonadotrophins 
from dry sheep pituitary tissue, but that 
fractionation of the dialyzed extract did not 
result in the separation of the follicle-stimu- 
lating and luteinizing activities. On the basis 
of the hypothesis that pituitary gonadotro- 
phins are associated with each other and with 
inert protein, a procedure was sought for dis- 
sociating follicle-stimulating hormone from 
these materials so that separation and puri- 
fication could be effected readily. This was 
the rationale for heating dry pituitary tissue 
in saturated sodium chloride solution and 
fractionating the resulting extract. It was 
assumed that under these conditions weak 
linkages in the tissue constituents might be 
disrupted and liberate at least a part of the 
follicle-stimulating hormone. Results  re- 
ported in this paper show that luteinizing hor- 
mone is removed from the saturated salt ex- 
tract by isoelectric precipitation and that a 
part of the follicle-stimulating activity is sub- 
sequently recovered from the soluble fraction 
after removal of the salt by dialysis. This 
provides a short simple procedure for obtain- 
ing relatively large amounts of pituitary fol- 
licle-stimulating hormone. 

Materials and methods. The sheep pitui- 
tary powder was prepared by dehydrating 
ground fresh glands with acetone. The satu- 
rated sodium chloride solution was prepared 
by shaking an excess of the salt with water 
at room temperature. The anion exchange 
resin XE-59 (Rohm and Haas, Philadelphia, 
Pa.) was used for concentrating the follicle- 
stimulating activity. Sixteen g of resin were 
vigorously shaken with 500 ml of distilled 
water, and the supernatant liquid was de- 
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canted after centrifugation. The washed resin 
was suspended in 1200 ml of 2% NaOH, 
mixed thoroughly by shaking, allowed to 
stand for 5 minutes and centrifuged. The 
recovered resin was washed free of NaOH 
with liberal amounts of water by repeated 
suspension, centrifugation and decantation. 
This procedure was repeated with 1200 ml of 
2% HCl (4.55 ml concentrated HCl in 100 
ml). After the resin was washed free of HCl 
with water it was treated again with 2% 
NaOH and washed free of the base. The 
activated resin was resuspended in 2 liters of 
water and recovered with suction on a Buch- 
ner funnel using No. 40 Whatman filter paper. 
The washed resin was suspended in 500 ml 
of distilled water and adjusted to pH 3.8 by 
careful addition of 2% HCl. The pH was 
checked again after 10 minutes to determine 
whether it was stabilized at 5.8. The amount 
of resin present was determined by drying 
two 5-ml samples for 24 hours at 75°C. This 
made it possible to measure a definite amount 
in terms of dry weight for an experiment. 
The activated resin was prepared one day be- 
fore being used. 

Preparation. The acetone dried pituitary 
powder was mixed in the ratio of one g of 
powder to 10 ml of saturated sodium chloride 
solution and extracted by stirring at 68°C or 
at 72°C for one hour. The pituitary mixture 
was maintained at these temperatures by plac- 
ing it in a water bath which was 2 to 3 degrees 
above the temperature of the mixture. The 
extract was recovered by centrifuging and the 
residue was extracted a second time in the 
same way. The 2 extracts were combined. 
Usually 200 g of pituitary powder were used, 
but larger amounts could be processed with 
the proper facilities. The combined extract 
was allowed to cool to 30°C before adjusting 
it to pH 2.5 by addition of single drops of 
concentrated HC] during stirring. A heavy 
precipitate formed at pH 2.5 which contained 
considerable follicle-stimulating and luteiniz- 


PREPARATION OF FOLLICLE-STIMULATING HORMONE 


TABLE I. Effect of Follicle-Stimulating Preparation on the Ovaries of Normal and Hypophy- 
sectomized Female Rats. 


Avg 
Dose, No. of ovarian Ovarian Protein, 
Kind of rats Fraction mgEq rats wt, mg response mg/g 
\ or = , ae. o* 250 j 47 Ft 
@ Normal SAC* 250 : 6 t 
(21 days old, inj. 4.5 days) 5004 31 63 F || 3.56 
5008 6 74 Ff 4.40 
Hypophysectomized SAC 1000 6 106 i 
(29 days old, inj. 10 days) 2000 12 155 F 
3000 4 151 iE 
5000 3 202 Cloudy F 


+ F = Follicles. 
{ Made by extracting at 68°C. 
§ idem ayn WP Aeh, 


* Fraction soluble at pH 2.5 dialyzed and dried by lyophilization. 


|| Three pairs of ovaries contained a few corpora. 


| One pair of ovaries contained 4 corpora. 


ing activities. The fraction soluble at pH 2.5 
contained follicle-stimulating activity. The 
salt was removed from this fraction by dialysis 
first with distilled water and finally against 
0.01% KCl solution. After dialysis a light 
inactive precipitate was removed by centrifu- 
gation. The activity was recovered from the 
solution either by lyophilization or by using 
the anion exchange resin XE-59 in batch 
operation. Since recovery by lyophilization 
is time consuming and somewhat expensive, 
the exchanger was usually used for concen- 
trating the hormone. Another factor favor- 
ing the use of the resin is that the final 
product contained about 80% less protein 
than when the recovery was done by lyophil- 
ization. When the exchanger was used the 
pH 2.5 dialyzed fraction, approximately 4500 
ml from 200 g of pituitary powder, was ad- 
justed to pH 5.8, and mixed with the activ- 
ated anion exchanger. An equivalence of 40 
mg of dry resin obtained by suction filtration 
of the pH 5.8 resin suspension was used per g 
of starting dry pituitary. This mixture was 
shaken for 90 minutes, the resin was recovered 
on a Buchner funnel, washed with one liter 
of water previously adjusted to pH 11.2 with 
NaOH, suspended in 500 ml of 3.72% sodium 
acetate and shaken for 45 minutes. The 
sodium acetate eluted the follicle-stimulating 
activity from the resin and was recovered in 
the acetate solution by filtering off the resin. 
The acetate was removed by dialysis against 


0.01% KCl and the hormone was recovered 
in the dry form by lyophilization. 

Assay. The preparations were assayed for 
gonadotrophic activity by using 21-day-old 
normal female rats of the Holtzman-Rolfs- 
meyer strain. The volumes of the fractions 
were adjusted with 0.9% saline solution so 
that each rat received the proper gram 
equivalent (g eq.) of dry pituitary tissue in 
9 injections of 0.5 ml each. The first injec- 
tion was made on the afternoon of the first 
day followed by injections on the morning 
and afternoon of each of the next 4 days. 
Autopsy was performed on the morning fol- 
lowing the last injection. The ovaries were 
removed, dissected free of other tissues, 
weighed and examined by means of strong 
transmitted light for the presence of follicles 
and corpora lutea. Assays were also made 
with male and female rats which were hypo- 
physectomized when 27 days of age. Injec- 
tions were started when the rats were 29 days 
old, and were made on the morning and 
afternoon of each day for 10 days with 
autopsy on the morning of the 11th day. 
The ovaries and testes were removed, dis- 
sected free of other tissues, weighed and the 
Ovaries examined for the presence of corpora 
lutea and follicles. The tissues were pre- 
served in Bouin’s solution and subsequently 
prepared for microscopic study. 

Results. Follicle-stimulating preparation. 
Results given in Table I show that, with few 
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TABLE II. Effect of Follicle-Stimulating Preparation on Testes and Accessories of 29-Day-Old 
Hypophysectomized Male Raits. 


———~- Wt of glands (mg) ————_, 


its Frac- Dose, No. of Sem. 
Kind of rats tion mgEq rats vesicle Prostate Testes Thyroids 
& Hypophys. (inj. 10 days) SAC 1000 6 5.2 6.9 640 3.5 (2 
2000 12 5.3 10.2 Cima aes) 
3000 2 5.0 10.5 735 
5000 2 6.3 13.5 796 5.7 (2) 
Hypophys. (non-inj. controls) 8 5.1 6.3 127 4.5 (3) 


exceptions, the preparation recovered from the 
pH 2.5 soluble fraction by dialysis and lyo- 
philization produced ovaries that contained 
only follicles when 0.5 g eq. was given to 
normal female rats. This is true for prepara- 
tions made by extracting either at 68°C or 
72°C. The high temperature is necessary 
for extracting the hormone since little follicle- 
stimulating activity was recovered when the 
extractions were run for 4 to 8 hours at 
room temperature. On the basis of the above 
results it was decided to assay the prepara- 
tions by administering them for 10 days to 
29-day-old hypophysectomized male and fe- 
male rats. The amounts given ranged from 1 
to 5 g eq. and the average ovarian weights 
ranged from 106 mg to 202 mg, respectively. 
Macroscopically, all of the ovaries contained 
follicles only but those from rats which re- 
ceived 5 g eq. were cloudy (Table I). 

The data obtained from hypophysectomized 
male rats are given in Table II. The seminal 


vesicles of all animals given the follicle-stimu- 
lating preparation were not significantly in- 
creased over those from non-injected animals. 
The average weight of the prostate of the 
animals given 5 g eq. was 13.5 mg as com- 
pared to 6.3 mg for the glands of the control 
animals. The testes, however, were increased 
from an average control value of 127 mg to 
796 mg for those of the animals given 5 g eq. 
of the preparation. On the basis of relatively 
few data it appears that this preparation is 
free of thyrotrophic activity as indicated by 
little or no increase in the weight of the 
thyroids from hypophysectomized rats as 
compared to those of the control animals 
(Table II). The preparation contains no 
lactogenic activity as indicated by its failure 
to stimulate the crop glands of pigeons. The 
preparation is free of adrenotrophic hormone 
as 5 g eq. did not decrease the ascorbic acid 
in the adrenals of young adult hypophysec- 
tomized rats. 


TABLE III. Effect of Follicle-Stimulating Preparation Recovered by Anion Exchange Resin 
on Ovaries of Normal 21-Day-Old Female Rats. 


Fraction of Avg 

saturated No. of Dose, No. of ovarian Ovarian Protein, 
NaCl extract* preparations mgKq rats wt, mg response t mg/g 
1. SAC a 500 22 57 F 4.58 (8) 
2. SA(A-4) ND 8 500 24 74 aac 1.36 (1) 
3. SA(A-4) DC a 500 21 65 es IGT Gl); 
4, SA(A-4)D 6 500 22 58 i 1.06 (8) 

3 1000 12 93 2 

5. SA(A-1) 7 1000 23 17.6 Nonstim. 1.40 (7) 
6. SA(A-5)D 7 1000 21 16.6 i“ OC) 


* Practions in this and other tables are designated as follows: 


SAC—fraction soluble at 


pH 2.5 dialyzed and concentrated by lyophilization; SA(A-4) ND—activity from SAC eluted 
from anion resin XE-59 with NaAc-nondialyzed; SA(A-4)DC—NaAc removed by dialysis 
and concentrated; SA(A-4)D—No. 3 dried by lyophilization; SA(A-1)—supernatant from 
SAO after treatment with resin; SA(A-5)D—second NaAc eluate from resin. 


1 F= Follicles. 
¢ Corpora lutea in 3 pairs of ovaries. 
” ” ” 1 ” ” ” 
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TABLE IV. Effect of Follicle-Stimulating Preparation Recovered with Anion Exchange Resin. 
on Gonads of Male and Female Rats. 


Dose, No. of ———_ Ovaries —__ 
Kind of rats Age Fraction mg Kq rats Wt, mg Response 
Normal female 21 ~«SA(A-4)D ~—«500 10 41 F* 
00 6 79 F 
Hypophys. females 29 5000 6 145 F & cloudy F 
-—_Wt of glands (mg)—\ 
Sem. 

vesicle Prostate Testes 

i ¢ , q ) é 5 745 

Hypophys. males 29 5000 6 4.4 9.5 745 

Controls (nen-inj.) 8 5.1 6.3 127 


*  — Follicles. 


The data given in Table III show that 
essentially all the follicle-stimulating activity 
was recovered from the pH 2.5 soluble dial- 
yzed fraction by adsorption on the anion 
exchanger XE-59 and elution by one treat- 
ment with sodium acetate solution. This is 
shown by the fact that the average ovarian 
weight was 57 mg (line 1) when a dose of 
500 mg was assayed in normal female rats 
before treatment as compared to an average 
ovarian weight of 58 mg (line 4) for the 
preparation after recovery of the activity from 
the exchanger. Seven preparations were used 
for these assays. Further support for this con- 
clusion is found in the data of line 5 which 
show that the supernatant remaining after 
treatment of the solution with the exchanger 
did not contain significant activity. Further- 
more, the fraction obtained by treating the 
exchanger a second time with sodium acetate 
did not contain significant gonadotrophic 
activity as shown by the data of line 6. 

Before treatment with the anion exchanger 
these preparations contained nitrogen equiv- 
alent, on the average, to 4.58 mg of protein 
per g eq. but after treatment the active frac- 
tion represented by SA(A-4)D_ contained 
nitrogen equivalent to 1.06 mg of protein 
per g eq. of original pituitary powder. Thus, 
a 77% decrease in nitrogen or protein con- 
tent was effected by treatment with the anion 
exchanger and essentially all the hormone 
activity was recovered. The final prepara- 
tion dried by lyophilization was slightly pink 
in color. This was presumably due to the 
concentration of pigment from the soluble 
extract by the resin. 

Two preparations obtained by use of the 


exchanger were assayed in normal female and 
hypophysectomized female and male rats. The 
results given in Table IV show that 0.5 g 
and 1.0 g eq. produced ovaries in normal rats 
that had average weights of 41 mg and 79 mg, 
respectively. Five g eq. given for 10 days to 
hypophysectomized female rats produced 
ovaries which weighed 145 mg and which 
contained only follicles as shown by micro- 
scopic examination. The uteri of these ani- 
mals were distended with fluid. When the 
same amounts of these preparations were 
given to hypophysectomized male rats for 10 
days, the weight of the seminal vesicles was 
not greater than those of non-injected con- 
trols, whereas the weight of the prostate was 
increased only 3.2 mg over the control value. 
The weight of the testes, however, was in- 
creased 618 mg over the control weight. 
Microscopic study of the ovaries from hy- 
pophysectomized animals which received 5 
g eq. of preparation SA(A-4)D (Table IV) 
showed no distinct lutein tissue although the 
theca interna and interstitial cells of some 
ovaries showed evidence of slight secretory 
activity. The tubules in the testes from 
hypophysectomized rats were highly stimu- 
lated and numerous spermatids were present, 
but there was little stimulation of the inter- 
stitial tissue. These results indicate that the 
preparation obtained by use of the anion 
exchanger is predominantly follicle-stimulat- 
ing in action being essentially free of lutein- 
izing activity. The activity of this prepara- 
tion is about the same as the preparation ob- 
tained by tryptic digestion(2) when they are 
compared on the basis of activity recovered 
from a gram of dry pituitary glands. This is 
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not the case, however, when they are com- 
pared on the basis of protein content since 
the new preparation contains 10 to 15 times 
less protein per gram of dry pituitary than 
does the preparation obtained by tryptic di- 
gestion. 

A preparation recovered by use of the anion 
exchanger was subjected to electrophoretic 
analysis. The material was prepared for this 
experiment by dissolving it in 0.1 ionic phos- 
phate buffer of pH 7.4. A fast moving com- 
ponent which spread with time was with- 
drawn from the electrophoretic cell and found 
to contain the major part of the gonado- 
trophic activity. There were two other com- 
ponents which migrated slowly and on assay 
they were found to contain little gonado- 
trophin. Attempts to separate the active com- 
ponent by column chromatography using the 
anion exchanger XE-59 were not successful. 

A light precipitate which formed on removal 
of the salt from the saturated extract by 
dialysis was discarded since it did not show 
gonadotrophic activity when one and 2 g eq. 
were given to normal female rats. 

The results of preliminary experiments in- 
dicate that essentially all the lactogenic and 
adrenotrophic hormones are present in the 
residue that remains after the extraction with 
saturated sodium chloride solution. These 
hormones probably can be recovered from 
this residue by known procedures. 

The precipitate obtained by adjusting the 
saturated salt extract to pH 2.5 contained 
luteinizing hormone and considerable follicle- 
stimulating activity (Table V). This precipi- 
tate may form at a pH as high as 3 but the 
major precipitation occurs at a pH lower than 
4 where considerable gonadotrophin precipi- 
tates from an aqueous extract. 

Treatment of the pituitary tissue with sat- 
urated sodium chloride solution at a high 
temperature may result in aggregation, de- 
naturation and dissociation of proteins. Each 
of these processes may play a part in making 
the above separation possible. The fact that 
a good part of the follicle-stimulating hor- 
mone remains in solution on isoelectric pre- 
cipitation of the luteinizing activity from the 
salt extract suggests that dissociation of link- 
ages in the tissue protein may account in 
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TABLE V. Gonadotrophic Activity of Saturated 
Sodium Chloride Insoluble Fraction. 


Dose, Avg ovarian 
Fraction* mg Hq wt, mg 
P95 (dried) 100 30 (3) T 
4 i 200 100 (3) 
3 300 121 (3) 
e P 500 134 (3) 


*pH 2.5 insoluble. 
t No. of rats used for assay. 


part for this sharp separation. Further sup- 
port for this concept is found in results re- 
ported previously(1) which showed that the 
two gonadotrophic activities are not separated 
by isoelectric fractionation of the salt extract 
after dialysis, or by fractionation in the same 
way of an aqueous extract made by heating. 
In the light of the above results and dis- 
cussion it appears that the follicle-stimulating 
hormone may be present in dry pituitary tis- 
sue in different forms such as: (a) the ‘‘free” 
hormone, (b) in combination with luteinizing 
hormone, (c) in combination with inert pro- 
tein, and (d) a form dissociated by heating 
in saturated sodium chloride solution. This 
may also be true for the follicle-stimulating 
hormone of fresh pituitary tissue and even 
for that of intact glands. If this hypothesis 
is correct, it would obviously account for a 
part of the difficulty workers have encountered 
in purification and separation of pituitary 
follicle-stimulating hormone. It would also 
seem probable on the basis of this hypothesis 
that there is some “free” or “complete” 
follicle-stimulating hormone present at any 
given time in the gland so that it is available 
for secretion into the blood as the endocrine 
and physiological balances demand it. 
Summary. 1. A short simple method is given 
for obtaining from sheep pituitary glands a 
follicle-stimulating hormone preparation of 
high biological purity and low protein content. 
This method consists of extracting the glands 
with saturated sodium chloride solution at 
72°C, adjusting the extract to pH 2.5, dial- 
ysis of the soluble fraction and recovery of 
the hormone from the dialyzed fraction by 
lyophilization or by the use of an anion ex- 
changer. 2. When 5 g eq. were given to male 
and female hypophysectomized rats for 10 
days, only a very small amount of luteinizing 
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activity was found. The fraction insoluble at 
pH 2.5 contained both follicle-stimulating 
and luteinizing activities. 3. The results are 
discussed from the viewpoint that follicle- 
stimulating hormone may exist in pituitary 
tissue in different forms. 
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Failure to Demonstrate Skin Groups Analogous to Blood Groups Using 


Human Skin Cultures.* 


(20893) 
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From the Creedmoor Institute for Psychobiologic Studies, Creedmoor State Hospital, Queens Village, 


New 


The question as to whether human skin 
partakes of the group characteristics of blood 
is still unsettled. The lack of definitive work 
on this problem is due in part to the fact that 
skin cells being fixed cells do not lend them- 
selves to the typing procedures applicable to 
erythrocytes. In the present work the tissue 
culture method was utilized in a study of 
this problem. 

Materials and methods. Specimens of hu- 
man skin from donors of known blood types 
were obtained at the operating table, cut in 
varying thicknesses with the electric derma- 
tome or in full thickness with the ordinary 
scalpel. The specimens were immediately 
placed in a mixture of 90% Tyrode’s solution 
and 10% pooled human serum and refrigerated 
until explants were made in from one to two 
hours. The Maximow double coverslip method 
in which the explant was embedded in a plas- 
ma clot after the method of Burrows(1), was 
used. Under these conditions explants showed 
growth in from 3-4 days and reached maximum 
growth after 6-12 days, and after 15-17 days 
began to regress and were discarded. The fol- 
lowing groups of experiments were performed: 
A. 115 cultures (from 29 donors) of skin 
grown with pooled human cord serum as nu- 
trient and at their maximum growth, were 
first washed with Tyrode’s solution and then 
treated as follows: 1. 82 cultures from blood 
Group A donors with one drop of Anti A serum. 


* Based on work performed under contract with the 
Atomic Energy Commission. 


York. 


2. 33 cultures from blood Group B donors with 
one drop of Anti B Serum. The sera were 
commercial “high potency antisera from don- 
ors whose antiserum titer had been stimulated 
by either A or B specific substances for a 
suitable period previous to their blood dona- 
tion,’(2) and whose agglutinative power 
against the corresponding erythrocytes had 
been checked in this laboratory before they 
were used. B. 98 skin explants from donors 
whose blood groups had been previously de- 
termined (62 A and 36 B) were made accord- 
ing to the method described above, but with 
one drop of the corresponding antisera as 
nutrient from the start. C. A third group of 
experiments was suggested by the work of 
Bassett, Earle and Campbell(3) which in 
turn were suggested by an observation made 
by Farr and his co-investigators(4). Farr and 
his co-workers found that in the plasma and 
serum of rabbits there is ‘normally present a 
protective factor against the leukopenic effect 
of total body irradiation but that this factor 
is largely destroyed by total body or in vitro 
irradiation with 800r. They have also found 
that there is a naturally occurring protective 
factor against pyrogens in the blood of rabbits. 
but the relationship between the irradiation 
factor and the pyrogen factor has not been: 
studied as yet.” Bassett, Earle and Campbell 
observing that the serum of rabbits previous- 
ly inoculated with human skin material had 
no effect on cultures of human skin, suspected 
that a protective factor might likewise be 
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present in the rabbit serum, inhibiting a cyto- 
toxic effect. They showed that after irradia- 
tion or chemical purification the serum then 
became cytotoxic for skin cultures. Since 
irradiated or purified serum of the control un- 
sensitized rabbits did not exert this cytotoxic 
effect the possibility of an artifact resulting 
from irradiation or purification was believed 
to have been ruled out. 

This work raised the possibility that a simi- 
lar protective substance is present in the 
normal serum which while it does not inhibit 
the effect on incompatible erythrocytes may 
still be inhibitory against adverse effects on 
skin, should these effects be found. For pur- 
poses of this last group of experiments samples 
of Anti A and Anti B serum were fractionated 
by Dr. Dan Campbell into two portions, one 
containing Alpha 1 and Alpha 2 globulins and 
the other gamma globulins. Preliminary tests 
showed that the agglutinins resided in the 
first fraction. In order to eliminate the 
possibility of any protective factor being 
carried over in the plasma clot, perforated 
cellophane of suitable diameters was used 
in place of the embedding clot. 12 skin 
cultures from blood Group A donors thus 
grown were treated with one drop each of 
both fractions of Anti A and 12 skin cultures 
from blood Group B donors were treated with 
one drop of the corresponding fractions of Anti 
B serum. 

The following criteria were sought in all 3 
groups of experiments: (1) Signs of clumping 
or agglutination as found when erythrocytes 
are treated with an incompatible serum. (2) 
Lysis. (3) Other gross morphological changes. 
(4) Inhibition of growth. All the cultures 
in Group A were under microscopic observa- 
tion for 2 hours after treatment with the anti- 
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sera, then reincubated for 5 days and again 
observed. All the cultures in Groups B and 
C were observed daily from 48 hours after 
explantation. 


Results. None of the cultures in the 3 
groups of experiments, following treatment 
with antisera, showed any of the 4 criteria 
set forth above. On the contrary growth con- 
tinued at apparently the same rate and for 
the same duration after application of the 
incompatible sera or fractions of sera as in 
cultures: treated with the pooled nutrient 
serum. In some experiments the treated 
cultures showed more luxuriant growths than 
the corresponding controls. 


Summary. Skin cultures from human donors 
of blood Groups A and B after treatment with 
respective antisera showed no detectable mor- 
phologic changes under the microscope. Skin 
explants from donors of blood groups A or B, 
grown with their respective antisera as nu- 
trients likwise showed no detectable morpho- 
logic differences from control cultures. 
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Of the many major and minor alkaloids 
reported from Veratrum viride and related 
species, those for which pharmacological data 
are available showing hypotensive properties 
also show marked side reactions of nausea 
and vomiting at effective hypotensive doses. A 
new group of alkaloids has been reported(1) 
for which an appreciable ratio exists between 
hypotensive and emetic doses as demonstrated 
in dogs. The test methods used and results 
obtained are herein reported. 

By means of the non-aqueous extraction 
methods developed in these laboratories, new 
alkaloids have been isolated from Veratrum 
viride which consist of ester alkaloids of bases 
previously reported as being present only as 
alkamines. This preparation has been given 
the generic name cryptenamine (trade name 
Unitensen), and the chemistry will be reported 
elsewhere(2). 

Methods. 1. Determination of effective hy- 
potensive dose (C.S.R. unitage). The pro- 
cedure used in determining the effective hypo- 
tensive dose has been published(3). The only 
variation from the published procedure is in 
the dose increment used. Cryptenamine is 
assayed in dogs by the intravenous adminis- 
tration of dose increments of the order of 
0.002 mg/kg and the end-point determined 
as described previously(3). The solution for 
assay is prepared so that each cc contains 
0.1 mg of alkaloid. This is then adminis- 
tered in 0.02 cc/kg (0.002 mg/kg) increments. 
Potency is expressed as C.S.R. Units/mg of 
alkaloid. II. Determination of emetic dose. 
Animals: unanesthetized mongrel dogs (5 per 
assay). Route of administration: Intraven- 
ous. Dosage: dose increments 3 times those 
used for the determination of potency. The 
time interval between injections is 10 minutes. 

During the experimental work, in determin- 
ing the best procedure for measuring the 
emetic dose, variations were made in both 
the dose increment and the time between 


injections. The dose per injection was varied 
from the same dose as used for the determina- 
tion of potency (C.S.R. unitage) to 4 times 
this dose. The time interval between injec- 
tions was varied from 5 to 10 minutes. The 
results were essentially the same. The larger 
dose was chosen since the amount of drug 
necessary to produce emesis is so much greater 
than that producing the C.S.R. end-point. A 
10-minute time interval was chosen to allow 
maximum time for emesis to occur between 
injections and still not lose the effect of pre- 
vious doses. 

Results. These alkaloids are consistent and 
predictable in their biological behavior. The 
variations observed from one animal to an- 
other using the same alkaloid sample are well 
within the limits of biological error and there 
is very little variation among different samples 
of the alkaloid preparations. 

In dogs, the hypotensive action of these 
alkaloids usually occurs as a primary and 
secondary blood pressure fall. The duration 
of the primary fall is 10 to 20 minutes during 
which time a partial recovery of the blood 
pressure has taken place. The duration of 
the secondary fall is a matter of hours. 

As is well known, the most frequent side 
reactions of the veratrum alkaloids are nausea 
and vomiting. These new alkaloids are unique 
in that the amount necessary to produce emesis 
in the dog by the intravenous route is approxi- 
mately 4 times the effective hypotensive dose 
in the dog. These are the first alkaloids or 
alkaloid preparations for which a ratio this 
large has been described. It has also been 
noted that the emesis produced by these 
alkaloids is less intense and of shorter dura- 
tion than that produced by other alkaloids or 
alkaloid preparations. 

In addition to the increased ratio between 
the emetic and effective doses of these alka- 
loids, they appear to be less toxic relative 
to their effective doses. The comparisons of 
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TABLE I. Comparison in Animals of Cryptenamine Alkaloids with Protoveratrine and 


Veriloid®. 
S790 0a 
-—Effective dose—, 7——Emetie dose— L.V. toxicity 
; Stand. Stand. Emetie mice (mg/kg) 
Preparation mg/ke* error mg/kg* error ratiot LDst LD 
Secondary fraction— .0081 (50) .00014 084 (25) .0014 4.2:1 64 1.06 
eryptenamine 
Tertiary fraction— .0052 (30) .00019 018 (15)  .00082 3.031 6 1.0 
eryptenamine 
Protoveratrine 005 ( 5) .00022 .0052( 5) 00033 iL gil 047 052 
Veriloid® 015 (10) .0014 OLS a Grd pee 0023 ibe gal 43 6 


* Figure in parentheses indicates No. of animals used. 


Emetie dose 
t Ratio — : 
Effective dose 
¢ Caleulated using method of Behrens(4). 


these new alkaloids with protoveratrine and 
Veriloid® as regards emetic ratio and intra- 
venous toxicity in mice are shown in Table I. 

Discussion and conclusions. It has been a 
generally held opinion that the hypotensive 
and emetic properties of Veratrum alkaloids 
were inseparable properties dosewise. For the 
first time there has been demonstrated an 
appreciable difference between the emetic and 
effective hypotensive doses of Veratrum species 
alkaloid preparations. The existence of this 
emetic/effective dose ratio is not only of inter- 
est therapeutically, but suggests that the 
mechanisms of emetic and hypotensive actions 
of Veratrum alkaloids are not necessarily inter- 
related. 

This difference between the emetic and effec- 


tive dose also has been demonstrated in hu- 
mans. Finnerty(5) recently reported that a 
difference does exist, and is more apparent 
after intravenous administration of cryptena- 
mine. 
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Effect of Choline Deficiency and Hepatic Cirrhosis on Absorption of Fat 
in the Rat. (20895) 


J. Warp,* R. Hastam, AND L. Scutrr. (Introduced by W. D. Lotspeich.) 


From the Department of Internal Medicine and the Gastric Laboratory, School of Medicine, 
University of Cincinnati, O. 


The following experiment was undertaken 
to determine whether alimentary absorption of 
fat is decreased in rats having prolonged and 
severe choline deficiency and marked fatty 
vacuolization of the liver, or in rats having 


* Post-doctorate Fellow, National Institute of 
Health, U. S. Public Health Service. 


associated severe cirrhosis of the liver. Tid- 
well(1) found decreased fat absorption in rats 
which were mildly choline deficient, and in- 
creased absorption of fat in similar rats after 
they received choline supplements. Shoshkes, 
et. al.(2), did not demonstrate any difference 
in the absorption of corn oil by choline de- 
ficient rats, as compared with normal animals. 
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INTESTINAL ABSORPTION AND CHOLINE DEFICIENCY 


TABLE I. Lack of Effect of Severe Choline Deficiency with Fatty Vacuolization of Liver on 
Intestinal Absorption of Cottonseed Oil. (6 rats in each group—mean values and SE of mean 
given.) 
ee  ——————eeeee 
Rate of 
absorption 


Hrafter Body wt of oil Hydrolysis Serum lipid Liver fat 

Condition feeding (g) (mg/em?/hr ) (%) (mg/100 ee) (g/100 g) 

Choline deficient 6 40, B02 TO, i eee eee ae 
with fatty liver 

Control 6 139 + 4 ol+. DG a= 3) (eveaei ks} 


02 6.8 + 1.3 


Neither of these reports included rats which 
had developed cirrhosis on the choline defi- 
cient diet. 

Methods. General. Fifty-two healthy, young 
male albino rats of the Wistar strain, averag- 
ing 132 g in weight, were kept in individual 
metal cages equipped with wire screen bottoms. 
Weighed amounts of diet were provided daily. 
Twenty-five rats were given a diet deficient in 
choline and its precursors. This diet, previous- 
ly published by Hartroft(3), consisted of 
ethanol-extracted peanut meal 6%, Alpha 
Soya 6%, Cystine 0.15%, Cellu Flour 2%, 
Sucrose 61.85%, Primex 20%, Alpha To- 
copherol Acetate 0.035%, Cod Liver Oil Con- 
centrate 0.015%, Salt Mixture 3%, and Vita- 
min Mixture 1%. The salt and vitamin mix- 
tures are those previously described by Best, 
et al.(4). Thirteen rats received this diet for 
an average of 72 days until sacrificed, and 12 
rats received it for an average of 225 days. 
The remaining 27 rats were pair-fed control 
animals on the same diet plus a supplement 
of 15 mg of choline/rat/day. Administra- 
tion of Oil. After receiving the special diet 
as outlined above, each rat was weighed and 
then fasted 72 hours with water available. 
Each rat lost at least 10% of body weight 
during this time. Under light diethyl-ether 
anesthesia which seldom lasted more than a 
minute, each rat was given a measured amount 
of cottonseed oil from a calibrated syringe 
through a stomach tube. The amount of oil 
delivered from this apparatus varied by only 
-+- 7mg. The selected dose was usually close 
to 1.3 g, and was intended to exceed the great- 
est amount of absorption expected in 6 hours. 
Collection and Analysis of Intestinal Contents. 
At the end of the period of absorption, the 
animal was lightly anesthetized with diethyl- 


ether and killed by a blow on the head. The 
entire gastrointestinal tract was flushed with 
water and then ether by a method previously 
described by Irwin e¢ al.(5). The collected 
washings were then acidified with hydrochloric 
acid, and extracted four times with-petroleum 
ether. The ether extract was washed three 
times with water, treated with anhydrous so- 
dium sulfate, and filtered. The solvent was 
evaporated off, and total fat extracted from the 
intestinal contents was determined after it had 
reached constant weight in a desiccator. This 
fat was then dissolved in warm absolute alco- 
hol and the fatty acid was titrated with N/10 
alcoholic NaOH. Accuracy of Method for 
Recovery of Fat Fed. Nine normal and seven 
choline deficient rats were tube-fed the same 
dose of oil (1.380 g) and killed immediately. 
The average amount of oil recovered from the 
intestinal contents of the normal rats was 
equal to 94% of the administered dose as 
compared with 92% in the choline-deficient 
animals. With the methods used, there was 
thus no measurable difference in the amount of 
fat in the intestinal contents of fasting choline 
deficient rats as compared to normal rats. 
Therefore, no correction was used in compar- 
ing the amounts of fat recovered from the in- 
testinal contents of the two groups after feed- 
ing. Collection and Analysis of Serum Lipids. 
At the time of sacrifice, 3 ml of blood were 
taken from the heart of each rat. The serum 
lipid was estimated by the method of Kunkel 
(6). Fat Content, and Extent of Cirrhosis of 
Liver. A small piece of each liver was fixed 
in a solution of 10% neutral formalin which 
contained 2% calcium acetate. A hematoxy- 
lin-eosin stained section was made from each 
liver, and if vacuolization was demonstrated, 
frozen sections stained with Oil-Red-O and 
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TABLE II. Lack of Effect of Severe and Prolonged Choline Deficiency with Severe Fatty 
Vacuolization and Cirrhosis of Liver on Intestinal Absorption of Cottonseed Oil. (6 rats in 
each group—mean values and SE of mean given.) 
Rate of 
absorption 

LY. Hr after Body wt of oil Hydrolysis Serum lipid Liver fat 
Condition feeding (g) (mg/em?/hr ) (%) (mg/100 ec) (g/100 g) 
Choline deficient 3 188 + 14 20 + .02 TA+LT 537 sz 32 28:4°2— Ll 

with cirrhosis a 
Control 3 232 + 21 20 + .02 asi se LU) 539 —& 41 12.0 + 2.5 
Choline deficient 6 186 + 14 28 + .02 8.0 + 1.4 469 + 22 Bishi as a0) 

with cirrhosis 

Control 6 224 + 18 25 = .02 8.8 =— 2.2 484 + 19 ime a= el 


hematoxylin were examined. The rest of the 
liver was weighed and the fat content deter- 
mined by the method of Best, et al.(7). Calcu- 
lation of Body Surface. Body surfaces were 
calculated using the Meeh formula (S = K 
weight?’*) and Carman’s constant (K 
11°36). 

Results. Alimentary Absorption of Fat in 
Rats with Severe Choline Deficiency and 
Marked Fatty Vacuolization of Liver. Table 
I contains the mean values and standard error 
of each mean for data obtained from rats 
fed the choline deficient diet for 72 days. Each 
of these rats developed severe fatty vacuoliza- 
tion of the liver, as evidenced by chemical 
analysis and microscopic examination. Com- 
parison of the mean values obtained from these 
rats with those obtained from normal pair-fed 
controls which had received supplemental 
choline, using Fisher’s “t” test, reveals no 
significant difference in the rate of absorption 
of cottonseed oil, expressed as mg oil absorbed 
per cm? per hour. Neither was there any sig- 
nificant difference between the experimental 
and control group in the percent of hydrolysis 
of unabsorbed fat, nor in serum lipid levels 
6 hours after tube feeding. These findings 
confirm Shoshkes’ report that choline defi- 
ciency is not associated with any change in the 
rate of absorption of fat in the rat. 

Alimentary Absorption of Fat in Rats with 
Severe and Prolonged Choline Deficiency, 
Marked Fatty Vacuolization of Liver, and 
Severe Hepatic Cirrhosis. These rats were 
given the choline-deficient diet for 225 
days, and all of the animals in the experi- 
mental group developed severe fatty vacuoli- 
zation and cirrhosis of the liver. As shown 
in Table II, comparison of the data obtained 


from these rats with that obtained from pair- 
fed control animals which had _ received 
supplemental choline, reveals a_ significant 
difference in the mean fat content of the 
liver in the experimental and _ control 
groups (p = <.001), but no significant differ- 
ence in the rate of alimentary absorption of 
fat, percent of hydrolysis of cottonseed oil, or 
blood lipid levels, whether the comparison is 
done with groups of rats sacrificed at 3 or 6 
hours after tube feeding. The presence of 
severe and prolonged choline deficiency, with 
associated severe fatty vacuolization and cir- 
rhosis of the liver, did not influence the rate 
of absorption of fat in the rat. 


Effect of Weight and Age upon the Alimen- 
tary Absorption of Fat. It was of interest that 
the younger rats, sacrificed at a weight of 
about 140 g, tended to absorb slightly more 
oil in 6 hours than did the heavier older rats. 
However, these differences were equal in 
normal and in choline deficient rats, and were 
not related to choline deficiency, fatty vacuo- 
lization of the liver, or hepatic cirrhosis. 


Summary. The presence of severe and pro- 
longed choline deficiency in rats, with asso- 
ciated severe fatty vacuolization and cirrhosis 
of the liver, does not affect the rate of absorp- 
tion of cottonseed oil, the degree of hydrolysis 
of fat in the intestine, or the level of serum 
lipids. 
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(20896) 


(Introduced by I. S. Ravdin.) 


From the Harrison Department of Surgical Research, Schools of Medicine, University of 
Pennsylvania, Philadelphia. 


It has been recognized that a drain that 
would drain longer and more freely, and 
which would cause less adhesion formation 
due to the irritant properties of the drain 
itself would be desirable. In this respect it 
was decided to compare a commonly used 
rubber sheathed gauze filled drain, the Pen- 
rose drain (commonly called called cigarette 
drain), with drains made of a new non-reactive 
plastic, Teflon. Studies to determine the re- 
activity of Teflon in the peritoneal cavity of 
the rat were done and confirmed the con- 
clusions reached by LaVeen and Barberio(1) 
in their work on the dog, that Teflon elicited 
minimal or no tissue reaction. This absence 
of tissue reaction seemed to warrant a trial of 
drains made of this substance. 


Materials and methods. Four types of 
drains were studied: 1) a rubber Penrose drain 
with a gauze filler, 2) a drain of Teflon with a 
gauze filler, 3) a drain of Teflon with a Teflon 
filler, and 4) a drain of Teflon that differed in 
shape by being folded several times so as to 
present a fluted appearance, as compared to 
the tubular form of the other drains. Teflon 
tubing was not available in the form desired 
to make the tubular drains so Teflon sheet 
.003 inch in thickness was obtained and the 
drains made from this. The edges were sewn 
with a thin strip of Teflon and inverted so 


*The Teflon was supplied by the Polymer Corp. 
of Pennsylvania. 


that the outer surface of the drain presented 
as uniform a surface as possible. The gauze 
fillers in the Penrose drain and in the Teflon 
drain were identical. The filler of Teflon for 
the one type of drain was made by fluting 2 
pieces of Teflon, each 1 inch wide and then 
this was fitted into the drain. The fluted drain 
of Teflon was made by folding a one inch wide 
piece of the sheet four times with the folds 
parallel to the long axis. All of the drains 
were one-and-a-half inches long and the tubu- 
lar drains were 5/16 inch in diameter. The 
drains were prepared for operation by being 
washed in ethyl alcohol and rinsed in distilled 
water. Then the appropriate fillers were in- 
serted in those drains using them and all 
of the drains autoclaved. The operative pro- 
cedure to install the drain was done under 
ether anesthesia. The abdomen of the rat 
was shaved and then prepared by swabbing 
with tincture of iodine and removing the ex- 
cess with 95% ethyl alcohol. Sterile technic 
was followed with the exception that gloves 
were not worn. A mid-line ventral incision 
was made in the upper half of the abdomen 
and the peritoneal cavity opened. The drains 
were then placed through a stab-wound made 
on the right side of the animal. Following 
this the peritoneum with overlying muscle was 
closed with a continuous suture of black silk. 
The drain was secured in place with a stitch 
of black silk passing twice through the skin 
and the drain. The skin was closed with a 


PENROSE AND TEFLON DRAINS 


TABLE LI. 
Rats Rats ¢ 

Typeof No.of draining adhesions 

Group = drain rats No % No. % 

12 hr pe 12 ey Ale 9 75 

18 ze 6 3 50 6 100 
Teg 3 3 ©6100 1 33.3 

Mt 3 3 100 0 0 

Ft 6 6 100 0 0 

24 12 6 il 16.6 6 100 
Teg 3 a 110 1 33.3 

nt 3 3 100 0 0 

Ft 6 6 100 0 0 

36 12 6 0 0 6 100 

Tg 3 3 100 0 0 

Ie 3 3 =100 0 0 

Ft 6 6 100 0 0 

48 Ie 6 1 UG Ke) G- alOX) 
De: 3 2 66.6 2 66.6 

Tt 3 3 100 0 0 

Ft 6 6 100 0 0 

3 day 1 6 il 16.6 6 100 

Ft 6 6 100 0 0 
5 ie 6 3 50 5 83.3 
Ft 6 5 83.3 2 33.3, 

7 ip 6 it LOLCat 6e 00) 
Ft 6 2 33:3 4 66.6 


* P= Penrose; Tg = Teflon-gauze; Tt = Teflon- 
teflon; Ft = Fluted-tefion. 


continuous suture of black silk. The drain site 
was dressed by placing a piece of adhesive tape 
with a hole cut from the center so that the 
end of the drain protruded from the opening; 
this was then covered with a piece of gauze 
that was secured with more adhesive tape. It 
was found necessary to dress the animals this 
way so that they would not remove the drains. 
A total of 120 animals was studied in two 
separate groups. 

The drainage qualities of the various drains 
were tested by injecting 5 cc of an aqueous 
solution of Methylene Blue intraperitoneally 
at a site distant from the drain and then not- 
ing the appearance of the dye at the drain 
site. Approximately 15-30 minutes after the 
injection of the dye the animals were autop- 
sied. This was done to observe the causation 
of any blockage and to note the presence of 
adhesions to the drain and the drainage site. 
The criteria of drainage was the appearance 
of any dye, no matter how slight, at the 
drainage site. The criteria for adhesion for- 
mation was the presence of any adhesion af- 
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fixed to the drain or any abdominal viscus 
that did not readily slide off the drain incident 
to the process of folding back the flap of 
abdominal wall to view the interior. 


Results. A table combining all of the data 
resulting from this experiment may be seen 
in Table I. Some aspects of the results not 
presentable in table form should be men- 
tioned: 1) all of the adhesions to the Penrose 
drains in the 12 hour group were quite fragile 
and consisted of the omentum alone being 
wrapped about the drain. 2) In all cases of 
adhesions to and blockage of a Teflon drain 
with a gauze filler the adhesions were to the 
gauze, not the Teflon. 3) The drainage ob- 
served with the Teflon drains with Teflon 
fillers and the Fluted-Teflon drains was in 
all instances immediate and profuse whereas 
in those instances of drainage from the Pen- 
rose drains the drainage was slight in amount 
and usually occurred several minutes after the 
injection of the dye. 4) The Fluted-Teflon 
drains that showed no drainage and adhesions 
at the 5 and 7 day intervals had gross infec- 
tion of the wound site with the rest of the 
abdomen clear while the animals that showed 
drainage revealed no indication of infection. 

The results of the experiment lead to the 
conclusion that drains of a non-reactive sub- 
stance remain functional considerably longer 
than those of a substance such as the rubber 
found in the Penrose drains which evokes a 
peritoneal reaction. Adhesion formation due 
to the irritant composition of the drain itself 
is also less likely to occur. It is interesting 
to note that those drains of Teflon with the 
gauze fillers sometimes became blocked to 
some extent by the omentum and bowel ad- 
hering to the gauze at the end of the drain, 
but never to the Teflon. The Fluted-Teflon 
drain that was used, in general showed the 
most drainage, although this experiment was 
not designed to measure accurately the amount 
of drainage that occurred with the various 
types, but rather was designed to be qualitative 
in nature and to show only whether or not 
drainage occurred from the peritoneal cavity. 
It can be concluded that the Fluted-Teflon 
drain and the drain made of Teflon with a 
Teflon filler showed desirable properties. The 
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good results from drains of this sort, as stud- 
ied in the rat, warrant further study in either 
larger animals or on the clinical level. 
Summary. Drains made of Teflon show that, 
in the rat, drainage from the peritoneal cavity 
continued through them significantly longer 
than through Penrose drains. It has also 
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been shown that there were fewer adhesions 
secondary to the use of this type of drain than 
with the Penrose drains. 


1. LeVeen, H. H., and Barberio, J. R., Ann. Surg, 
1949, v129, 74. 
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Quantitative Aspects of Micro ATPase Measurements on Plasma from 


Chicks with Erythromyeloblastic Leukosis.* 


(20897 ) 


IrvING GREEN, Dorotuy Bearp, E. A. Eckert,t AND J. W. BEARD. 
From the Department of Surgery, Duke University School of Medicine, Durham, N. C. 


We(1) described a rapid micro test for 
estimation of the enzymatic activity of the 
plasmas of chicks with erythromyeloblastic 
leukosis to dephosphorylate adenosine triphos- 
phate. The procedure was invaluable in the 
selection of plasmas of high enzymatic activity, 
and, consequently, of high virus content (2-4), 
but the results formerly observed were vari- 
able. Further studies directed changes in the 
micro test with resulting decrease in apparent 
variation and great increase in sensitivity. The 
vital utility of the procedure in studies of 
leukosis virus would appear to warrant the 
present report of the simple changes in the 
test. 

Materials and methods. Procedures were 
identical with those already described(1) ex- 
cept for the volume of plasma and the consti- 
tution of the indicator solution. For the latter, 
there was prepared, first, a saline solution con- 
taining, in final concentration: KCl, 0.05 M; 
NaCl, 0.05 M; CaCl, 0.04 M; and MgCl, 
0.04 M. To this solution there were added 
10 ml of brom thymol blue (0.04%, Hartman- 
Leddon Co., Philadelphia, Pa.). Finally, 150 
mg of the dipotassium (or disodium) salt of 
adenosine triphosphate were dissolved in the 


* This work supported by a research grant to 
Duke University from the American Cancer Society, 
on recommendation of the Committee on Growth; by 
a grant from the National Cancer Institute of the 
National Institutes of Health, U. S. Public Health 
Service; and by the Dorothy Beard Research Fund. 

t Scholar in Cancer Research of the 
Cancer Society. 
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solution, and the pH adjusted to 8.2. The 
solution was brought to a final volume of 50 
ml and parcelled in 2.5 ml volumes in tightly 
stoppered tubes, at -18°C. A precipitate is 
formed when the pH is adjusted, but it does 
not interfere with the reaction. However, it 
should be kept dispersed during all sampling 
of the preparation. The indicator solution re- 
mained useful for a month or more, but new 
preparations were made at about 2-week inter- 
vals. Residues of the solution once thawed 
were discarded after the day’s work. The 
volume of plasma employed was 3 A, which 
was deposited at the bottom of a long narrow 
tube as before(1), and 0.12 ml of the indica- 
tor solution added. From this point the pro- 
cedures were the same as those previously 
described(1). Precision of the micro test was 
estimated by electrotitrimetric measurement 
of the liberation of acid with larger volumes 
of the same plasmas. This method was essen- 
tially like that described earlier(1) with the 
following changes: the ionic constitution of 
the reaction medium, in a total volume of 25 
ml, was the same as that used in the present 
micro test, and the pH index point was 7 in- 
stead of 8. In addition, the solution of adeno- 
sine triphosphate, of which 1 ml was used to 
initiate the reaction, contained 6 mg of the 
salt/ml, together with the same salts in the 
same concentrations used in the reaction me- 
cium prior to the introduction of the ATP. 


Results. The findings are illustrated in Fig. 
la and 1b. The liberation of phosphorus by 
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FIG. la. Relation of amount of phosphorus liberated from adenosine triphosphate, deter- 
mined electrotitrimetrically in presence of balanced salt solution, to reciprocal of reaction time 
of micro test carried out with 5-\ volumes of plasma (closed circles) as previously described (1) 
and with 3-)\ volumes (closed triangles) in presence of balanced salt solution. A single test was 


made with each volume on every plasma. 


FIG. 1b. Micro tests with 5-\ (open circles) and 3-\ (open triangles) plasma volumes were 
made by the same respective technics used for experiments of Fig. la (on different set of 
plasmas) but electrotitrimetrie estimations were made as previously described(1) without bal- 


anced saline solution. 


26 different samples of plasma was measured 
as described above. In Fig. la values thus 
obtained are compared, in terms of gamma 
phosphorus liberated by 1 ml of plasma per 
minute, with the reciprocal of the time re- 
quired for the indicator solution in the micro 
test to reach the green color of the standard 
solution of brom thymol blue at pH 6.6. The 
lower line represents the relation observed 
when the micro test was carried out with 3-A 
volumes under the conditions described here 
and the upper line the relation obtained with 
5-A volumes of the same plasmas under the 
conditions described previously(1). It is 
evident that variation of individual points 
about the lines drawn by the method of least 
squares is small in both instances. The ex- 
pected error of a single determination is such 
that in 2 of 3 cases there would be observed 
an error of + 4 gamma phosphorus with 3-A 
volumes of plasma and + 7 gamma phos- 
phorus with the 5-A volumes. The sensitivity 
and resolution observed with the 3-\ volumes 
in balanced saline solution are approximately 
3 times the sensitivity and resolution seen with 
the 5-A volumes studied under the conditions 
of the earlier test(1). 

The results obtained with 5-A volumes in 
the present work, as shown in Fig. la, are, 
obviously, far less variable than those previ- 
ously reported(1). An explanation of the dif- 
ference is revealed in Fig. 1b which shows 


graphically the results of micro estimations 
made with a group of plasmas under con- 
ditions identical with those employed in the 
work described in Fig. la. The electrotitri- 
metric estimations for comparison, however, 
were made at pH 7 by the technic previously 
employed(1) without use of the balanced 
saline solution. Under these conditions the 
relations were highly variable whether 5-\ or 
3-X volumes were used, and the variations 
were of the same order as those observed be- 
fore(1). It thus is apparent that at least a 
large part of the variations previously regard- 
ed as related to faults in the micro test were 
due, instead, to imperfections in the earlier 
conditions for electrotitrimetric estimations. 

The distribution of levels of enzymatic ac- 
tivity in birds with the advanced disease, as 
shown by high primitive cell content of the 
blood (judged by examination of blood 
smears) is shown in Fig. 2. The results were 
obtained in a series of four routine screenings 
with the 3-A volume procedure. Every bird 
tested is included. As already reported(1), 
the number of individuals with plasmas of 
high activity are few in number, which empha- 
sizes, again, the value of the micro test in the 
selection of diseased individuals for study. 
These results illustrate, also, the greater range 
of enzyme activity susceptible to accurate 
measurement with the micro method now in 
use. 
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FIG. 2. Distribution of ATPase activity in 4 different groups of plasmas from birds with high 
primitive-cell blood content (judged by blood smears) in routine screening tests on 4 different 
days. N indicates number of plasmas in each group, and different symbols represent data with 
respective groups. All tests made with 3 volumes in presence of balanced saline solution. 
Discussion. The results described here to be optimum with respect to convenience in 


clearly demonstrate the high level of precision, 
sensitivity and resolution attainable with the 
micro method for measuring the enzymatic 
activity to dephosphorylate adenosine triphos- 
phate of plasmas from chicks with erythro- 
myeloblastic leukosis. The present work sug- 
gests that the major variations originally 
thought to be due to inadequacies of the micro 
test were related almost, if not wholly, to 
variations in the results obtained by electro- 
titrimetric measurements under unsuitable 
conditions. This significant improvement of 
the method over the procedure described ear- 
lier(1) is due, principally, to the kind and con- 
centration of salts in the reaction mixture. It 
had been recognized before that both calcium 
and magnesium ions increased the activity of 
the enzyme, but the influence of a proper 
balance of ions in relation not only to the 
activity of the enzyme but to the adenosine 
triphosphate and to the plasma and its con- 
stituents had not been fully appreciated. Be- 
cause of the greater sensitivity attained, it 
has been necessary to reduce the volume of 
plasma in the micro test to 3-A which appears 


the period required for the color change. This 
period is much less with the present test, a 
point of much importance in routine exami- 
nations of large numbers of plasmas. 


Summary. Changes have been made in the 
conditions of the micro test of plasmas from 
chicks with erythromyeloblastic leukosis for 
their capacity to dephosphorylate adenosine 
triphosphate. The principal modification has 
involved use of a balanced saline solution in 
the reaction mixture resulting in a very large 
increase in the precision, sensitivity and reso- 
lution of the procedure. With 3-d of plasma, 
instead of the 5-A volumes employed earlier, 
the expected error of a single determination in 
2 of 3 cases is +4 gamma phosphorus on the 
basis of measurements by electrometric titra- 
tion. The greater sensitivity has extended the 
range of plasma activity possible for accurate 
measurement and has shortened the time 
necessary for the estimation. 
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Substitution of a-Keto Acids for Five Amino Acids Essential for 
Growth of the Rat.* (20898) 


Joun L. Woop AND SHIRLEY LUCILLE CooLey. 


From the Department of Biochemistry, University of Tennessee, Memphis. 


The concept of the indispensability of the 
“essential amino acids” was modified when 
Rose(1) pointed out that the amino acids, 
leucine and isoleucine(2), as well as histidine 
(3,4), tryptophan(5,6), and phenylalanine 
(7) could be replaced in the diet by the cor- 
responding keto or hydroxy acids. Subsequent 
studies have extended this list to valine(8- 
10), methionine(11), and lysinet(12) deriva- 
tives. In all of the work cited above, the 
growth tests were carried out with a single 
keto acid: the remainder of each diet was 
adequate with respect to all other essential 
amino acids. The present study was per- 
formed to determine whether 5 essential amino 
acids could be synthesized simultaneously by 
young rats at a rate which would permit 
growth. When leucine, isoleucine, valine, 
phenylalanine, and methionine were replaced 
in the diet by the corresponding keto acids, 
slow growth of the rat was obtained. 

Experimental. Dimethylpyruvic acid was 
prepared by the method of Ramage and 
Simonson(15) by the condensation of acetone 
with hippuric acid in the presence of sodium 
acetate and acetic anhydride. The intermed- 
jate, | 2-phenyl-4-isopropylidine-5-oxazolone, 
was hydrolyzed with acid and the keto acid 
was isolated as the sodium salt. It was char- 
acterized by its 2,4-dinitrophenylhydrazone 
derivative, m.p. 191.5°. Phenylpyruvic acid 


* This study was supported in part by a grant 
from the Nutrition Foundation. 

+ Since lysine(13) and threonine(14) are not syn- 
thesized from the “nitrogen pool”, these amino acids 
fall into a special category and need to be investigated 
further. 


was prepared according to Organic Syntheses 
(16). It was isolated as the free acid, m.p. 
150°. The 2,4-dinitrophenylhydrazone melted 
at 188°. a-Ketoisocaproic acid. N-chloro- 
acetyl-DL-leucine was prepared according to 
the method of Doherty, Tietzmann, and Berg- 
mann(17). The acyl amino acid was heated 
with acetic anhydride and a trace of pyridine 
for 3 hours at 60-70°. The mixture was 
fractionally distilled im vacuo and the 2- 
methyl-4-isobutylidine-5-oxazolone collected 
between 65-70° at 0.05 mm Hg. It was 
hydrolyzed to «-ketoisocaproic acid by boil- 
ing with NV hydrochloric acid for 3 hours. The 
keto acid was extracted with ether, and the 
ether extract was concentrated to an oil which 
was dissolved in ethanol. The sodium salt of 
the keto acid was precipitated by addition of 
alcoholic sodium hydroxide. The melting point 
of the 2,4-dinitrophenylhydrazone was 156° 
(18). «-Keto-B-methylvaleric acid. A mix- 
ture of DJZ-isoleucine and DL-alloisoleucine 
was converted to the corresponding chloro- 
acetyl derivatives. These were converted to 
the keto acids by the procedure outlined 
above for «-ketoisovaleric acid. The DL-keto 
acid was obtained as the sodium salt. «-Keto- 
methylthiobutyric acid. The method of Ca- 
hill and Rudolph(11) was modified. DL- 
methionine was converted to an oily chloro- 
acetyl derivative by the action of chloro- 
acetyl chloride and sodium hydroxide at —5°. 
The chloroacetylmethionine was treated with 
acetic anhydride and a trace of pyridine. A 
spontaneous reaction occurred. After 20 min- 
utes the solution was fractionally distilled and 
the product, 2-methyl-4-(@-methylthioethyl- 
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idine)-5-oxazolone, was collected between 40- 
50° at 0.3 mm of Hg. The oxazolone was 
converted to the keto acid by acid hydrolysis. 
The keto acid was isolated by ether extrac- 
tion and converted to the sodium salt as 
described above tor the keto acid of leucine. 
The 2,4-dinitrophenylhydrazine melted at 
148°(11), 


Feeding experiments. White rats, weanling 
litter mates of both sexes, were used in these 
studies. Food and water were supplied ad 
libitum. The basal diet consisted of a mix- 
ture of 10 essential amino acids plus glutamic 
acid,t 16; sucrose, 15; dextrin, 60; Cellu- 
flour, 2; corn oil, 2; salt mixture (Jones- 
Foster) (20), 4; vitamins A and D mixture, 
0.05; inositol, 0.1; choline chloride, 0.2; and 
liver powder (Wilson’s 1:20), 0.4. Water 
soluble vitamins were added when the diet 
was placed in the food cup. The supplement 
furnished per kilo of diet was that utilized by 
Rose et al.(19) excepting the pyridoxine con- 
tent was doubled: thiamine chloride, 5 mg; 
riboflavin, 10 mg; pyridoxine hydrochloride, 
15 mg; nicotinic acid, 5 mg; calcium pan- 
tothenate, 25 mg; p-aminobenzoic acid, 300 
mg; 2-methyl-1,4-naphthoquinone, 2 mg; bi- 
otin, 0.1 mg; folic acid, 0.1 mg. When keto 
acids were used in the diet they replaced the 
corresponding amino acids in molar equiv- 
alents; a molar equivalent of glycine was also 
included to maintain a constant nitrogen con- 
tent. When 4 keto acid sodium salts were 
utilized initially, the diet mixture was found 
to be hygroscopic and was often rejected by 
the animals. Subsequently, diet was placed 
fresh in the diet cups daily, the thiamine 
content was doubled, and 0.2% aspartic acid 
was added as noted in Table I. After these 
measures were taken the food consumption 
improved. 


Results. Growth rate of young rats on the 
diet of 10 essential amino acids plus glutamic 
acid was slow but definite. Table I shows that 
the animals grew about as well on diets in 
which various combinations of 2 of the es- 
sential amino acids were replaced by keto 
acids. When combinations of 4 keto acids 


¢ As described by Rose, Oesterling, and Womack 
(19) excepting the tryptophan was DL. 


TABLE I. Growth Response to Multiple Keto 
Acid Supplements. 
Initial 
rat wt No. of Avg wt Amino acids replaced 
(g) days change/day by keto analog” 
59 8 63 None, basal diet 
8 83 Leucine, isoleucine 
4 -1.8 Leucine, isoleucine, 
valine, methionine 
4 1.0 Same as abovet 
12 4 Leucine, isoleucine, 
valine, methionine 
and phenylalanine 
57 8 A None, basal diet 
8 1.4 Leucine and iso- 
leucine 
4 -1.3 Leucine, isoleucine, 
valine and methio- 
nine 
4 3 Same as abovet 
12 5 Leucine, isoleucine, 
valine, methionine 
and phenylalanine 
51 4 1.0 None, basal diet 
8 2 Valine and methio- 
nine 
4 3.7 Leucine, isoleucine, 
valine and methio- 
nine 
4 8 Same as abovet 
12 g Leucine, isoleucine, 
valine, methionine 
and phenylalanine 
61 4 8 None, basal diet 
8 Lei: Valine and methio- 
nine 
4 See Leucine, isoleucine, 
valine and methio- 
nine 
4 1.0 Same as abovet 
12 1.0 Leucine, isoleucine, 
valine, methionine 
and phenylalanine 
53 4 3) Phenylalaninet 
2 8 Leucine, isoleucine, 
valine, methionine 
and phenylalanine 
43 4 1.2 Phenylalaninet 
12 uf Leucine, isoleucine, 


valine, methionine 
and phenylalanine 


* A molar equivalent of glycine was added for 
each amino acid replaced by its keto analog. 

t At this point, the diet was supplemented with 
.2% aspartic acid and an additional 5 mg/kg of 


thiamine. 


were substituted the animals ceased to grow, 
probably because the animals refused to eat, 
as noted above. When the thiamine supple- 
ment was doubled and 0.2% aspartic acid was 
added to the diet, the animals resumed eating 
and growth resulted. When the number of 
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amino acids substituted by keto acids was 
increased to 5 the growth rate was not ap- 
preciably affected. 

The keto acids are so unstable that they 
cannot be considered equivalent to the amino 
acids on a molecular basis when fed in the 
ordinary manner. Furthermore, the theoreti- 
cal equivalence is difficult to judge in the 
light of present information, since it can only 
be surmised that «-keto acids are converted 
exclusively to L-amino acids during the meta- 
bolic processes. At present there is no reason 
to assume that amination of the keto acids 
was produced by intestinal bacteria before 
absorption of the keto acids took place. 

From a consideration of these results with 
studies using N?° labeling it would appear 
that for the rat at least 8 of the essential 
amino acids (including arginine) might be 
replaced in the diet if the corresponding keto 
acids were furnished with a utilizable source 
of nitrogen. Such a diet would give a greater 
indication of the scope of the transamination 
reaction and the sources of amino acid and 
nitrogen. 

Summary. Young rats grew slowly on a 
diet in which the nitrogen was furnished ex- 
clusively by the 10 amino acids essential to 
the young rat plus glutamic acid. When leu- 
cine, isoleucine, valine, phenylalanine, and 
methionine were replaced in the diet by the 
corresponding keto acids plus an equivalent 
amount of nitrogen as glycine and 0.2% 
aspartic acid, the animals grew as well as 
they did on the basal diet. 
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Specific Antibody Titer and Survival after Total-Body X-Irradiation in 


Rabbits and Rats. 


(20899) 


FALCONER SMITH AND Haze P. Gump. 
From the Radiation Branch, National Cancer Institute, Bethesda, Md.* 


It has long been known that total body X- 
irradiation through a wide range of doses, 
interferes with the immune process(1,2).  Ir- 
radiation suppresses or abolishes the produc- 
tion of specific antibodies if given just prior 
to or shortly after the beginning of immuniza- 
tion. Recovery from the effects of irradiation 
is associated with a restoration of antibody 
production. Failure to survive after irradiation 
may in part be due to a relatively low specific 
antibody titer or to a failure to develop im- 
munity at a sufficiently rapid rate during the 
post-irradiation period. There is evidence 
that circulating bacterial antibodies afford 
protection to experimentally infected rats and 
mice which have received a low lethal (LD;-10) 
dose of X-rays(3). In these animals immuni- 
zation insured a significantly improved chance 
for survival. The question arises as to 
whether the capacity of the animal to pro- 
duce a relatively high titer for specific anti- 
body might be related to its survival follow- 
ing irradiation. 

This question appears reasonable in view of 
the importance of bacteremia in radiation 
death. Infection has repeatedly been shown 
to be a major factor in the death of strongly 
irradiated mice(4-7). Although less defini- 
tive, there are data which indicate that infec- 
tion may play a role in radiation deaths in 
other species also(5,8-10). The organisms 
which have been cultured from the blood and 
certain organs of such animals appear to be 
of enteric origin and to have flourished in the 
host as a consequence of its lowered resistance. 
It seems possible, therefore, that survival in 
irradiated animals may depend on the effi- 
ciency of their immune mechanisms for the 
production of circulating antibodies at least 
to 'the degree that bacteremia affects survival 
after irradiation. This possibility has been 


* National Institutes of Health, Public Health 
Service, Department of Health, Education, and Wel- 
fare. 


tested by contrasting the pre-irradiation 
capacity to produce antibodies as measured 
by specific antibody titer following immuniza- 
tion, with survival following LD;5o9-s0 doses of 
X-radiation. The assumption has been made 
that the specific antibody titer following im- 
munization is a measure of the capacity of the 
animal to produce antibodies. It is recognized, 
however, that degree of bacterial immunity 
may not necessarily be a function of the quan- 
tity of circulating antibody. 


Experimental. In all experiments described 
in this paper the animals were immunized and 
their serums titrated for antibody content 
prior to irradiation. Male rabbits of the New 
Zealand strain, 13 to 15 weeks of age were 
immunized with hens’ egg albumin (Exp. 1 
and 2, Table I). Ear blood samples were 
taken for titration 10 days after the final im- 
munizing injection. Serum anti-egg albumin 
content was quantitatively estimated by the 
Heidelberger procedure(11). Hemolysin pro- 
duction in rats and rabbits was contrasted with 
radiation survival in experiments 3, 4, and 5 
(Table I). Sprague-Dawley rats, 11 weeks of 
age and rabbits were immunized with standard 
injections of sheep erythrocytes. Their serum 
hemolysin content was estimated 7 days after 
the end of immunization by the procedure of 
Taliaferro(12). In other experiments the 
rates of hemolysin production in 41 rabbits 
were contrasted with their subsequent survival 
after irradiation. The rabbits were bled and 
serums titrated at 1, 4, 6, 7 and 8 days after a 
single intravenous injection of a 10% suspen- 
sion of sheep erythrocytes. Rabbits were ex- 
posed to 850 r (LD¢2, 30 days) of X-radiation 
while one group of rats was exposed to 700 r 
(LD43, 30 days) and a second group of rats 
to 800 r (LD¢s, 30 days). The rabbits were 
irradiated singly with one-half the total dose 
delivered to each side of the animal and the 
rats were irradiated 6 at a time. Irradiation 
was done with a 200 Kvp X-ray unit operating 


ANTIBODY PRODUCTION AND X-RAY SURVIVAL 


413 


TABLE I. Antibody Production in Rabbits and Rats Contrasted with Survival after 
X-Irradiation. 


Avg + SHE pre-irrad. serum titer 


Avg sur- ry anti egg Dil/ml < 

vival time No. of albumin 10° for 50% Avg wt 

Exp. No. r (days) animals N/m] hemolysis atr (g) 
1 850 St 5 235 + 81 ; 3314 
14 i 350 3120 
1-2 9 290 + 130 3384 
ene S 4 276+ 40 3015 
21 3 262 2767 
iL 10 568 + 145 3200 
3* : S 17 15.5 + 2.0 2625 
3.2 20 NAS tae SSS 2587 
4 800 S 5 Teil eee 55 321 
11.5 9 3.6 + 2.2 307 
dt 700 Ss 12 0) ae alee 329 
12.5 9 2.4+ 1.6 334 

* Rabbits in 1 and 2 received 33.5 and 24.6 y egg albumin N/kg during 10 wk and 6 wk 


respectively. Rabbits in Exp. 3 received a 10% suspension of sheep erythrocytes 2 ml/kg for 


3 i.v. injections at 4-day intervals. 


+t Rats in 4 and 5 were immunized with 1% and 10% suspension of sheep erythrocytes, 1 ml/ 


kg icv. and 3 ml/kg s.c. respectively. 
tS = Survivors. 


at 200 Kv and 20 ma with the following 
factors: 0.25 mm Cu and 0.51 mm Al added 
filtration; 70 cm focal distance; 23.5 r per 
minute. 

Results. As was expected, a wide range in 
values for the anti-egg albumin titers was 
found (Exp. 1 and 2, Table I). Differences 
between average anti-egg albumin titers of 
those rabbits which subsequently survived 850 
r X-rays and non-survivors are not significant. 
Survival for longer than 48 hours was not 
associated with titers that were significantly 
different from the average in either experiment. 
Similar results were obtained in the experi- 
ments with multiple injections of sheep eryth- 
rocytes. Average pre-irradiation serum hemo- 
lysin titers for rats or rabbits which survived 
mid-lethal irradiation were not significantly 
different from the averages for the non-sur- 
vivors (Exp. 3, 4 and 5, Table I). 

Pre-irradiation rates of hemolysin produc- 
tion were contrasted with survival after 850 
X-rays in 41 rabbits. In this experiment 
63% (26 of 41) of the animals died with a 
mean survival time of 1.2 days. Average 
serum hemolysin content and slope values for 
each day post-immunization for the 26-non- 
survivors were within limits of variation found 
for the 15 surviving rabbits titrated at cor- 


responding times. It is noteworthy that peak 
titer was attained by 19 rabbits in the non- 
survivor group and only 7 rabbits in the 
survivor group by 7 days after the single im- 
munizing injection. Average titer on day 7 
for the non-survivor group was significantly 
lower than the average for the survivor group. 
However, average titers in both groups were 
similar by day 8. 

Conclusions. 1. The capacity to produce 
specific antibodies as a function of the immune 
mechanism has been tested before irradiation 
in rabbits and rats with respect to survival 
following mid-lethal doses of X-radiation. No 
direct correlation was demonstrable between 
survival or survival time after X-ray and pre- 
irradiation anti-egg albumin or hemolysin titer 
in 79 rabbits or hemolysin titer in 35 rats. 
2. A study of the induction phase of 
hemolysin production showed that the early 
attainment (6 or 7 days after immunization) 
of peak titer could be correlated with non- 
survival in 41 rabbits subsequently exposed 
to 850 r. The absence of a striking correla- 
tion between pre-irradiation specific antibody 
titer and X-ray sensitivity in rats and rabbits 
just described, suggests that the capacity of 
the immune mechanism for antibody synthesis 
in these animals is not directly related to their 


414 


survival following mid-lethal irradiation. 
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Influence of Source of Cholesterol, Grade of Cottonseed Oil, and Breed 


on Experimental Avian Atherosclerosis. 


(20900) 


Davin F. OPDYKE AND WALTHER H. Ort. 
From the Merck Institute for Therapeutic Research, Rahway, N. J. 


The chicken is particularly susceptible to 
coronary and aortic atherosclerosis when 
placed on a high cholesterol diet(1). White 
Leghorn cockerels are usually used for this 
purpose and it is reported that nearly 100% 
incidence of aortic atherosclerosis may be 
expected when 7- or 8-week-old cockerels are 
maintained on a diet supplemented with 2% 
cholesterol and 5% cottonseed oil for a period 
of 8 weeks(2,3). Achievement of the highest 
possible incidence of atherosclerosis in the 
experimental animals represents a great ad- 
vantage for the investigator. Failure to ob- 
tain a consistently high percentage of athero- 
sclerotic animals on an athrogenic diet leads 
to equivocal interpretations of the experi- 
mental results. Therefore, it appears worth- 


while to report our incidence data utilizing 3 
different strains of chickens, 2 sources of 
cholesterol and 2 grades of cottonseed oil. 
Methods. All strains of cockerels were ob- 
tained from the hatchery at one or 2 days of 
age and reared for 8 weeks in battery brood- 
ers on a Standard starter mash. The strains 
were Kerr White Leghorns, Kerr New Hamp- 
shires and Hy-Line White Leghorns. U.S.P. 
cholesterol from 2 suppliers (Merck, Armour) 
and 2 grades of cotton seed oil (refined, de- 
stearinated) were employed in this study. 
The chickens were kept on the starter mash 
plus a supplement of 2% cholesterol and 5% 
cottonseed oil from the 8th through the 16th 
week of age and sacrificed. The incidence 
and severity of the aortic atherosclerosis were 


TABLE I. Incidence and Severity of Aortie Atherosclerosis in Cockerel Chickens Fed a Diet 
Supplemented with 2% Cholesterol (Merck) and 5% Refined Cottonseed Oil from 8th through 
16th Week of Age. 


% incidence Avg severity index*—, 


No. of of aortic ath- Including Excluding 

Strain and breed chickens erosclerosis negatives negatives 
Kerr White Leghornst 24 67 1.08 1.68 
Kerr New Hampshirest 36 17 35 2.10 
Hy-Line White Leghorns} 20 65 1.07 1.65 


* Avg severity of aortic atherosclerosis (graded on a 0-4 basis). 


+ Kerr Chickeries, Inc., Frenchtown, N. J 
; Corn Belt Hatcheries, Joliet, Ill. 
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TABLE IT. Incidence and Severity of Aortic Atherosclerosis in Hy-Line White Leghorn Cock- 
erels Fed Diets Supplemented with Different Sources of Cholesterol and Cottonseed Oil from 
the 8th through the 16th Week of Age. 


Supplement to starter mash 


% incidence Avg severity index 


Cholesterol, Cottonseed No. of of aortic ath- Including Excluding 
Group To oil, % chickens erosclerosis negatives negatives 
I 0 0 24 0 0 0 
Il 2 Merck 5 Refined 20 65 1.07 1.65 
IIl Oe 5 Destearinated 16 81 1.56 1.92 
TV 2 Armour 5 Refined 19 79 1.03 130 
V 2 ae 5 Destearinated 19 1.52 1.61 


95 


graded by the criteria suggested by Horlick 
and Katz(4). 

Results. Table I presents the incidence 
and severity data obtained in each of 3 
strains of chickens fed the standard starter 
mash supplemented with 2% cholesterol 
(Merck) and 5% refined cottonseed oil. The 
incidence of atherosclerosis was approximately 
the same in the Hy-Line and Kerr White Leg- 
horns (65 and 67%), but significantly less 
(X* =. 16,—P* <001) in the Kerr New 
Hampshires (17%). The incidence in the 
White Leghorns, however, did not confirm the 
100% incidence reported elsewhere(3) in the 
Hy-Line strain (pooled X? = 5.1, P = 0.03). 

One possible reason for the lower incidence 
in our experiments than in those reported by 
Pick e¢ al.(3) might have been the differences 
in the source or grade of cholesterol and cot- 
tonseed oil used. To test this possibility 5 
groups of Hy-Line White Leghorn cockerels 
were placed on the diets listed in Table II. 

The lowest incidence (65%) occurred in 
the group on our original atherogenic diet 
(Merck cholesterol and refined cottonseed oil) 


while the highest incidence (95%) was ob- 
tained in the group on Armour cholesterol and 
destearinated cottonseed oil. There is a high 
probability that this difference was not due to 
chance (X? = 3.6, P = 0.06). The strain of 
chicken and the diet supplement employed in 
Group V are the same as used by Katz and 
coworkers and our incidence data, therefore, 
confirm the results published by them. 

Conclusions. 1. White Leghorns and New 
Hampshire chickens apparently differ in their 
susceptibility to aortic atherosclerosis when 
placed on the same atherogenic diet. 2. The 
atherogenic potential of a high cholesterol diet 
appears to be influenced by the source of 
cholesterol and the grade of cottonseed oil 
used. 
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Immediate Changes in Phosphate Excretion Following Parathyroidectomy 


in the Rat.* 


(20901) 


Roy V. TALMAGE AND F. W. KRAINTZ. 


From the Biology Department, The Rice Institute, Houston, Texas. 


In previous studies(1-4) the effect of 
parathyroid extract on phosphate metabolism 
in bone has been emphasized. These works 
argue convincingly for a direct action of the 
parathyroid hormone on bone. In addition 
to this, Stewart and Bowen(5) have suggested 
that the phosphuria produced by parathyroid 
extract administration might possibly be an 
artefact resulting from the methods of extrac- 
tion. In the light of these studies, it seemed 
advisable to re-examine the effect of the para- 
thyroids on phosphate excretion by the kidney 
in order to determine, if possible, whether in 
addition to the effect on bone there could be 
a direct effect on the kidney. 

One valid objection that has been raised 
to the use of experiments dealing solely with 
the administration of parathyroid extract is 
that available commercial extracts of these 
glands are inhomogenous preparations con- 
taining a large amount of inert protein(5,6). 
In view of this objection it would appear that 
the best method of showing that the results 
achieved by this use of the extract could be 
attributed to the hormone of the parathyroid 
glands would be to undertake similar studies 
in parathyroidectomized animals. By remov- 
ing the source of the hormone from the body, 
opposite effects from those produced by the 
addition of the extract should be seen if they 
are true effects produced by the parathyroid 
hormone; and administration of parathyroid 
extract to such hypoparathyroid animals 
should reverse these changes and return the 
animals toward their normal physiological 
state. Tweedy et al.(7) reported such effects 
utilizing radiophosphorus as an indicator of 
phosphorus excretion. Their work, however, 
is based on long range studies and does not in 
itself show that these effects could not have 
resulted indirectly due to changes in bone 
metabolism. The following studies were 
therefore undertaken to study the changes, 


* Aided in part by a grant from the Atomic Energy 
Commission. 


and the reversibility thereof, occurring in the 
first few hours after parathyroid removal. 
The results obtained in these studies indicate 
very strongly that in the rat at least one of 
the sites of direct action of the hormone of 
the parathyroids is in the kidney. 

Materials and methods. Approximately 
125 male Sprague-Dawley rats, weighing be- 
tween 180 and 225 g were used in these ex- 
periments. The following procedure was used 
in each of the individual experiments: On 
the morning of the experimental day, the 
animals were parathyroidectomized under 
ether anesthesia by the method of Richter and 
Birmingham(8). One hour after completion 
of the operation, approximately 7 uc of radio- 
phosphorus were administered intraperiton- 
eally; each animal was given a water dose 
equivalent to 5% of its body weight and 
placed in metabolism cages for the collection 
of urine. Control animals similarly treated 
were run at the same time. The 3 test ma- 
terials, parathyroid extract,t calcium chloride, 
and disodium phosphate were injected as in- 
dicated in the particular experiments. Urine 
was collected either hourly or at 3-hour 
intervals. When collected hourly, an addi- 
tional 5 ml of water was administered at the 
third hour to enhance the flow of urine. 
Experiments were terminated at 3, 7, 11, and 
13 hours after parathyroidectomy, at which 
time blood was removed for serum calcium 
and inorganic phosphate analyses. In one 
experiment, sham operations were performed 
on the control animals used, and in a second 
they were anesthetized without surgery. Since 
the serum calcium and phosphate levels and 
the phosphorus excretion values for the con- 
trol animals of these 2 experiments were iden- 
tical with those in which controls were not 
subjected to anesthesia or surgery, it was 
concluded that neither of these was a factor 
in the results obtained. Injection of radio- 
activity was delayed until one hour after 


t Lilly’s Parathyroid Extract. 
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TABLE I. Effect of Parathyroidectomy upon Radio-Phosphorus Excretion by the Kidney.* 
5 j 


Excretion of radioactivity following parathyroid- 


ectomy ; P-32 inj. 1 hr after surgery Total 
Total Total Total phosphorus 
Hr after parathyroidectomy> 2 Shien uh By) OT Gey ie Ole Cre Ane. sake 
A) Normals (8) 553 165 718 58 107 76 46 282 1000 34+ .05 
IB eax (8) 4 3 7 3 eee ae iat 18 02 + .007 
©) PIL G6) . 22 — 
D) 50iu. PTH admin. at = a 284 — 
operation (4) 
BE) 75iu. PTH—¥ at opera- 725 = 
tion, %2hrafter (4) 
F) 75iu. PTH—admin. 3 hr —_- — 21 — — — — 842 863 = 


after surgery 


(4) 


* For comparative purposes, radioactivity excreted by control animals was set at 1000 for 
the 6 hr collection period, and values for experimentals adjusted to these standards. Since the 
values for controls run with Groups C-F are therefore all 1000, they are omitted from the table. 


Numbers in parentheses are No. of animals. 


removal of the parathyroids to allow full 
recovery from the anesthesia. Radio-activity 
determinations were made by standard pro- 
cedures with a Geiger-Miiller counter. Serum 
calcium determinations were made using the 
Clark-Collip modification of the Kramer- 
Tisdall Method. Urinary and serum inor- 
ganic phosphate determinations were made by 
the method of Fiske and SubbaRow. 
Experimental data. Changes in phosphate 
excretion. The experimental procedure de- 
scribed above consistently produced an im- 
mediate and marked drop in phosphate ex- 
cretion determined both by excretion of P-32 
and total urine inorganic phosphate. Out of 
55 animals parathyroidectomized not one rat 
failed to show a drop in phosphate excretion 
of less than a factor of 10, and all but 8 
showed a drop in P-32 by a factor of 30 or 
more at all the times checked between 2 and 
13 hours after parathyroidectomy. In order 
to determine the time between parathyroidec- 
tomy and the time urinary excretion was 
effected, hourly collections were made. Since 
the radio-activity was. injected one hour after 
the operation, the 6 hourly collections repre- 
sent the second through the seventh hour 
after the removal of the parathyroids. The 
results are shown in Table I, A and B. It 
will be noted that by the first hour of collec- 
tion, the effect on the kidney was maximal, 
indicating that the effect on phosphate ex- 
cretion was produced immediately upon the 
loss of circulating parathyroid hormone, which 


appears to occur within the first hour after 
parathyroidectomy. In further experiments, 
parathyroid extract was administered sub- 
cutaneously to parathyroidectomized animals 
to determine the ability of the extract to pre- 
vent changes seen in parathyroidectomy and 
to reverse these once they had occurred. 
When administration of the extract was 
started immediately after the removal of the 
parathyroids, phosphorus excretion was main- 
tained at or below normal level, depending 
upon the dose of the extract and the frequency 
of its administration (Table I, D and E). 
When the extract was administered 2 hours 
after parathyroidectomy, the rapid fall in 
phosphate excretion which had occurred by 
this time was dramatically reversed by the 
production of a marked phosphuria (Table 
eek)s 

Reliability of P-32 values as an indication 
of PO, ion excretion. In the routine experi- 
ments, the radioisotope was injected one hour 
after parathyroidectomy. To establish con- 
clusively that the P-32 excretion values were 
a reliable indicator of inorganic phosphate 
changes, 2 checks were made. First, a con- 
trol experiment was run identical to those de- 
scribed above except that the radiophosphorus 
was injected 18 hours before parathyroidec- 
tomy. By 18 hours the specific activities of 
P-32 in the various compartments of the body 
are relatively stable in comparison to the 
rapidly changing specific activities encoun- 
tered immediately after injection. In this ex- 
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TABLE II. Comparison of Serum Values to Phos- 

phorus Exeretion of Parathyroidectomized and 

Control Rats at Various Time Intervals Following 
Parathyroidectomy. 


Time after 
parathy- 5 
roidectomy, No.of Urinary SerumCa, SerumP, 


hr animals P-32 mg % mg % 
Controls 40 1000* 10.74.17. 90 .28 
3) 20 15 92+ .19 9.64 .33 
7 24 22 7.0 + .24 10.6 + .33 
itil 9 —- 7.3 + .59 12.44 .24 
13 4 7 7.6-+ 11 15.1 .61 


* Por comparative purposes, radioactivity ex- 
ereted by control animals was set at 1000 for 
each of the experimental periods, and values for 
experimental animals adjusted to these standards. 


periment, the P-32 excretion following para- 
thyroidectomy was altered to the same extent 
as that seen when the radioisotope was admin- 
istered one hour after parathyroidectomy. 
With the total radioactivity of the controls 
for the same 6-hour period set at 1000, the 
excretion value of the experimentals was 38.3. 
For the second check, inorganic phosphates 
in the urine were determined in several groups 
of animals. These values are given in Table I 
on the basis of mg of phosphorus excreted per 
hour. The ratio between the experimental 
and the controls is in the same range as for 
the P-32 values. 

Comparison of phosphate excretion rates to 
calcium and phosphate serum levels. In order 
to determine the relationship between the 
changes in phosphate excretion and those in 
serum levels of calcium and phosphate pro- 
duced by parathyroidectomy, determinations 
were made of both serum and urine values at 
intervals of 3 to 11 hours after parathyroid 
removal. The results are shown in Table II. 
The urinary excretion of phosphate which, as 
pointed out above, was curtailed within the 
first hour after parathyroidectomy, remained 
low throughout the experimental period. 
Serum phosphate and calcium changes were 
more gradual. The serum calcium level ap- 
peared to drop faster than the phosphate level 
rose. The rise in serum phosphate, while in- 
dicated at 3 hours, was not significant until 
the 7-hour period. It is interesting to note 
that the amount of phosphate (approximately 
2 mg phosphorus) which the parathyroidecto- 
mized animal failed to excrete during the 


PHOSPHATE EXCRETION FOLLOWING PARATHYROIDECTOMY 


7-hour experimental period is over 10 times 
that which would be required to raise the 
serum phosphorus level to the 10.6 mg % 
noted if all the withheld phosphate had re- 
mained in the serum. 

Effect of calcium and phosphate injection 
on phosphate excretion. Two experiments 
were run to determine whether or not the 
changes in phosphate excretion produced by 
parathyroidectomy could be influenced by the 
presence of a surplus of calcium or phosphate 
ions in the blood. In the first, 2 mg of cal- 
cium, as calcium chloride, were injected 
hourly beginning the first hour after parathy- 
roid removal. In the second experiment, 2 
mg of phosphorus, as di-sodium phosphate, 
were injected at the conclusion of the opera- 
tion and at one, 3, and 4 hours after para- 
thyroidectomy. In both experiments the ani- 
mals were killed at the seventh hour and blood 
removed for analysis. The results of these 
experiments are summarized in Table III. 
The flooding of the animal with calcium had 
no effect on the changes seen in phosphate 
excretion following parathyroidectomy. It 
did, however, not only prevent the rise in 
serum phosphate normally seen, but sup- 
pressed this value slightly below that seen in 
the control rats used in these experiments. 
The control animal was able to compensate 
for the most part for the excess phosphate 
administered. This was done by a high 
phosphate excretion rate with the result that 
serum phosphate was only mildly and, pre- 
sumably, temporarily elevated and the serum 
calcium level was not affected. The para- 
thyroidectomized animal was unable effec- 
tively to take care of the injected phosphate. 
The serum phosphate rise produced by para- 
thyroidectomy was considerably exaggerated, 
yet the phosphate excretion was still below 
that seen in the normal rat (Table III). 

Discussion. While the Albright and Reif- 
enstein theory of parathyroid function(9) can 
no longer be accepted in toto, as has been 
demonstrated previously(1,10), it can not be 
denied that kidney excretion of phosphorus 
is markedly influenced by parathyroid func- 
tion. These phosphate changes have recently 
been studied by such workers as Tweedy 
et al.(7), Handler and Cohen(11,12), without 
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TABLE III. Comparison of Serum Values to Phosphorus Excretion at 7 Hours after Para- 
thyroidectomy under Various Experimental Conditions. 
ee 00000——OOOoOoooooooooooeoeoeleeoooooooooOSE 


Urinary phosphorus 


rc = 
No. of Urinary Serum Ca, Serum P, No. of mg 
Condition of rats animals P-32* mg % mg % rats phosphorus 
Normal 40) 1000 10.7 + .17 9.0 + .28 16 2.38 + .36 
124 DS 24 22 7.0 + .24 LOG EER33 12 Taran 04 
PTX + 12 mg Ca + 16 10.4 + .28 U2) se Jx6 ~— = 
Normal + Na,HPO, 4 3300 10:3 = 323° 1007 Se 31 4 fisik ate df 
PTX + Na,HPO, 4 (QO SS 1 IE ee pill 4 1 “Ee 
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* For comparative purposes, radioactivity exereted by control animals was set at 1000 for 
each of the experimental periods, and values for experimental animals adjusted to these stand- 


ards. 


conclusively showing either a direct action of 
the hormone on the kidney or a definite site 
of action within the kidney. 

Since evidence is accumulating to show a 
direct action in bone attributable to the hor- 
mone of the parathyroids, it is very important 
to establish whether the changes seen in kid- 
ney function are direct or indirect effects. 
The results of this study give convincing data 
that, at least in the rat, the kidney is directly 
involved. Following parathyroidectomy, re- 
duction in kidney excretion of phosphate 
occurs within the first hour and can be in- 
creased within an equally short time by the 
injection of parathyroid extract. These 
marked (up to 50-fold) changes in phosphate 
excretion can occur with negligible changes in 
serum calcium and phosphate values. What 
is most convincing is that the decrease in 
phosphate excretion occurs even though 
either excess calcium or phosphate ions are 
injected at or immediately following para- 
thyroid removal. In view of the above data, 
therefore, direct involvement of the kidney in 
parathyroid function must be considered. 

Summary. Parathyroid function has been 
studied in rats by determination of the 
changes produced immediately after parathy- 
roid removal. Phosphate excretion by the 
kidney is markedly reduced within one hour 
after parathyroidectomy. This impairment 


of phosphate excretion is apparent in rats 
flooded with either calcium or phosphate ions 
after removal of the parathyroids. It is con- 
cluded, therefore, that in the rat the para- 
thyroids at least in part control phosphate 
and calcium metabolism by a direct action on 
kidney excretion of phosphate. 
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Labeling of Rabbit Platelets with Iodine’. 
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Mary C. Morcan,* Ricuarp P. KraTINc, AND Epwarp H. REISNER, JR. 
From the Department of Medicine, St. Luke’s Hospital, New York City. 


Mueller(1) has demonstrated that rabbit 
platelets can be labeled satisfactorily with 
radioactive phosphorus (P*), but that the 
labeled platelets disappear rapidly from the 
blood on reinjection into rabbits. From the 
results of im vitro studies he concluded that 
the platelets were injured in the process of 
labeling and preparation for reinjection. 
Julliard(2) also used radiophosphorus to label 
platelets, with similar unsatisfactory results. 
Because of the successful use of iodine’*? in 
protein labeling, it was decided to attempt 
to label platelets with radioactive iodine, in 
the expectation that the protein portion of the 
platelet might demonstrate similar avidity for 
iodine. 

Materials and methods. 1. Obtaining of 
platelets. Rabbits’ heart blood was drawn 
using 3.8% sodium citrate as anticoagulant 
and wash fluid in Exp. 1-4, and 10% seques- 
trene (disodium salt of ethylene diamine 
tetra-acetic acid) as anticoagulant and 0.85% 
saline as wash fluid in Exp. 5-13. In Exp. 
9-15, 2% triton WR 1339t was utilized as 
described by Minor and Burnett(3) to mini- 
mize agglutination. High molecular weight 
dextran? was used to separate the red cells in 
clot retraction studies. All needles, syringes 
and glassware were siliconized prior to use. 
Platelets were concentrated and washed free 
of plasma proteins by differential centrifuga- 
tion of blood and plasma(3) and washed twice 
with 10 ml of citrate or saline. The final 
volume of the platelet suspension was 1-2 ml. 
2. Kadioiodination. To the platelet suspen- 
sion in a siliconized tube immersed in ice was 
added 0.05-0.10 ml of 0.089 M iodine in 0.1 
M potassium iodide, and 100-200 pc of 
iodine’? in 0.05-0.20 ml, all buffered to pH 


*U. S. Public Health Service, Research .Fellow 
of National Heart Institute. 

t Triton WR 1339 kindly supplied by Rohm and 
Haas, Philadelphia, Pa. 

¢ High molecular weight dextan generously sup- 
plied by Dr. Homer E. Stavely, Commercial Solvents 
Corporation, Terre Haute, Ind. 


8.0 with boric acid-sodium hydroxide buf- 
fer(4). Exposure to iodine was terminated 
after 15 minutes by adding 1-3 drops of 0.1 
M sodium thiosulfate. The material was cen- 
trifuged immediately at 2500 rpm for 30 min- 
utes. The platelet sediment was washed 3 
times by resuspension in citrate or saline, and 
recentrifugation. Determinations of radio- 
activity of dilutions of washings and of plate- 
lets were performed in duplicate using one ml 
aliquot samples dried in steel cups and 
mounted 3 cm beneath an end window Geiger- 
Miller tube (mica 1.4 mg/cm”). 

Platelet counts were done in duplicate using 
red cell pipettes, and diluting with Rees- 
Ecker(5) fluid. Standard hemocytometer 
chambers were used. In instances where 
platelet labeling was adequate (G-M counts 
totaling over 10,000 cpm) the platelets were 
resuspended in 5-10 ml plasma and injected 
into the rabbit during a 5-minute period by 
cardiac puncture. Ten ml cardiac blood sam- 
ples were withdrawn 5 minutes, one hour and 
2 hours after injection, and the platelets 
separated by differential centrifugation and 
one citrate or saline wash. Radioactivity de- 
terminations were made on the dried platelets 
as well as on plasma and wash materials. 
3. Clot retraction studies. Qualitative clot 
retraction tests were done in 12 x 100 mm 
non-siliconized glass test tubes with one ml 
platelet-poor plasma (prepared by centrifug- 
ing sequestrene-treated blood for 2 hours 
at 2500 rpm), 2 ml 0.01 M calcium chloride, 
and aliquots of the platelet preparations in 
volume sufficient to provide 10,000,000 plate- 
lets per tube (e.g. total volume 3.0-3.4 ml). 
The plasma-platelet-calcium mixtures were in- 
cubated at 37°C for one-half hour following 
clot formation, and preliminary readings were 
made. Tubes were stored 18 hours in the ice- 
box before final readings were made. The 
controls for the procedure consisted of plate- 
let-rich plasma (or plasma from which only 
red cells were removed by dextran sedimenta- 
tion) and platelet-poor plasma, prepared as 
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TABLE I. Radioactivity and Numbers of Rabbit Platelets Labeled with I'*. 
————eeeeeeee=eaeaeSeanananaeEeEeEeEeEeE————— 


Total platelet Total platelet Total iodinat- Total platelet 
count before count after ing fluid radio- 3rd wash, radioactivity, 

Exp. No. iodination iodination activity, epm epm/ml epm % Tagt 
1 1.4 > 10° 2.0 x 108 Gag S< ake The S« JOP ial Se AOE 1,22 
2 3.2 & 108 se? Hi Se” 8.0 10? Wee Me 19 
3 OOK Sale AiO SP 220) Gals See 1.6 
4 OO? Pa ae te 0 ae 3.4 & 10? See 1.6 
5 Sell Se coe 4.5350” BG S< INE IKGe aay 3) 
6 Pee KAS ATi 7 OE <a 5.0 * 10° Gat 3) 
7 ee = Bac! 2.7 C7? lejos 8 
8 4.2 x 10° Uae) See DO aee FOE CE PA ip Soe m9) 
9 Bee 1) Sea? By ee RS Geen NS alae 3) 

10 Bah See! 8.4 < 105 eet Se ZO ane Sn 8 
adit Syl See oe LO? OHO) So 2.6 «K 103 ike Se al 
12 alee AX aa TADS OM 8.2 « 10? 4.5 & 10? all 
13 uel Ball S< AOS Se LOY! ED 2.6 < 10+ 2 
14 — —- 3.0 XK 10° Wak S< Ae Bi) ye AKO a 
15 _ _ Cet Ee pee Bh = 
* Washing continued to 5 times with 5.4 * 10? epm/ml on last wash. 


Platelet radioactivity 
t xX 100. 
Added radioactivity 


previously described. Platelet-rich plasma on 
recalcification showed 4 plus clot retraction in 
30 minutes, whereas platelet-poor plasma 
showed negligible clot retraction after 18 
hours. 


Results. Table I shows total platelet 
counts before and after iodination, total 
platelet-bound radioactivity counts and wash 
radioactivity counts in cpm/ml for 15 radio- 
iodinations. As shown in the table an appre- 
ciable in vitro tag of the platelets with I! 
was obtained. Total platelet counts ranged 


TABLE II. Radioactivity of Plasma and Platelet 
Fractions of Rabbit Blood following Reinjection 
of I Labeled Platelets. 


Radioactivity in 
10 ml blood 
samples, cpm 


Platelet Total Total 

Exp. radioactivity Time plasma _ platelet 

No. inj., cpm afterinj. fraction fraction 
6 ede Se ALOE 5 min. 11 2 
1 hr 12 2 
8 Beth SOE 5 min 16 8 
1 hr 79 ital 
9 EY SS NOE 5 min 22 40 
1 hr qa 0 
10 ah OX dle 5 min, 40) 7 
1hr 98 0 
13 Opener 5 min 66 2 
iblane 85 4 
2 hr 31 0 


from 3.2 x 10* to 2.5 x 10° prior to iodination, 
and from 1.3 x 10% to 1.5 x 10° after iodina- 
tion, washing and centrifugation. In Table 
II are listed the radioactivity counts of plasma 
and platelets withdrawn from 5 rabbits, 5 
minutes, one hour and 2 hours after the in- 
jection of tagged platelets. It is apparent 
from the rapid disappearance of the platelet- 
bound radioactivity and the subsequent rise in 
plasma radioactivity of the blood that the 
injected platelets do not survive and may be 
presumed to be defective. 

To determine the stage of the procedure at 
which this damage occurred, platelets were 
tested for their ability to restore clot-retrac- 
tion to platelet-poor plasma after each step 
of the multiple procedures of centrifugation, 
washing, and chemical exposure, both radio- 
active and non-radioactive. It was apparent 
from these studies that multiple centrifugation 
and washing of platelets in citrate or saline 
impaired their ability to promote clot re- 
traction. 

Tagging of unwashed platelets, in the pres- 
ence of small amounts of plasma was at- 
tempted on 2 occasions (Exp. 14 and 15) but, 
as anticipated, in the presence of plasma pro- 
teins the amount of radioiodine taken up by 
the platelets was insignificant, and inadequate 
for use in reinjection technics. 

Summary. 1. When separated from plasma 
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proteins, rabbit platelets could be labeled 
adequately in vitro with radioiodine. 2. 
Platelets thus labeled in vitro did not promote 
clot retraction and disappeared rapidly from 
the circulation on reinjection. 3. The prob- 
able reason for the failure of the tagged plate- 
lets to survive following reinjection is injury 
to the platelets, resulting from the separation 
and concentration technics. 4. Since separa- 
tion of platelets from plasma proteins is essen- 
tial for I**! labeling, this method does not 
appear adaptable to studies of the in vivo 


Glucocorticoids in Adrenocortical Carcinoma of Mice. 


GLUCOCORTICOIDS IN ADRENAL CARCINOMA 


metabolism of normal platelets. 
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Adrenocortical hyperplasia or carcinoma is 
observed in certain inbred strains of mice 
following early castration(1,2). In guinea 
pigs a nodular hyperplasia of the adrenal 
cortex following castration has been reported 
(3). Both the hyperplastic and the cancerous 
adrenals have been shown to secrete sex 
hormones, as evidenced by changes in the 
uterus and vagina(4), the prostate and sem- 
inal vesicles(5,3), the submaxillary gland and 
kidney(6) and the breast(4). Urinary secre- 
tion of estrogens has been studied in ovariecto- 
mized mice with adrenocortical tumors(7). 
Dickie and Woolley have studied the pituitary 
changes, especially with regard to the baso- 
philic cells, in mice with postcastration ad- 
renocortical cancers; they suggest that the 
syndrome in mice may well be an animal 
counterpart of Cushing’s syndrome in man. 
Whereas no cell types in the mouse pituitaries 
were identified as exact counterparts of 
Crooke’s changes, certain observed cell 
changes were considered in some respects 
similar to those described by Crooke, which in 
man are characteristic of Cushing’s syndrome 
(8). Recent observations concerning the 
occurrences of Crooke’s changes in individuals 


* Present address: Department of Surgery, Uni- 
versity of Colorado School of Medicine, Denver, Colo. 


treated with cortisone suggest that in Cush- 
ing’s syndrome the Crooke’s changes are the 
result of the excessive secretion of Cy4-Ci7 
oxygenated adrenal steroids(9,10). In the 
mouse, evidence has been presented heretofore 
only for sex steroid secretion by these adreno- 
cortical carcinomas. It therefore appeared 
desirable to examine them for the presence 
of Cy; oxygenated steroids. 


Materials and methods. Adrenal cancers 
were induced in Minneapolis (a) in F, hy- 
brids of AxCE mice and transplanted into 
hybrids as described elsewhere(11) (first 
transplant generation from 3 primary tu- 
mors), and (b) in CE mice, with transplanta- 
tion into the same strain (pool second trans- 
plant generation from 4 primary tumors). 
The mice were shipped to Philadelphia, where 
the tumors were harvested when they had 
reached an appropriate size. The tumors were 
dissected out, weighed and homogenized in a 
Potter homogenizer. The homogenate was 
used for bioassay of ‘‘corticoids’, by the 
mouse liver glycogen method of Venning(12). 
The tissue homogenate was mixed directly 
with the glucose-alcohol in some instances; in 
others an acetone extract was prepared, and 
the dried extract dissolved in alcohol and 
added to the glucose. In one experiment, 30 
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TABLE I. Glucocorticoids in Adrenal Carcinoma of Mice. 6 experiments. 
ae ee 
—oOOOOooeeoeeaeaeaeaeaeaeaeeeeeeee 

Equiy. of Compound A acetate 


Origin Wt of In total Per 100 mg 
of tumor tumor (mg) tumor tumor Assay 

AxCE 215 In fresh homogenate 
‘ My 240 idem 
2 738 190 25 idem 
et 1968.8 180 al On acetone extract of homogenate 

6000 264 4.4 idem 
CE 5350 720 13.4 idem, incubated 2 hr* 


* re pds ae ois = pee se 3 . s ry ° Zi ra 8 . 
This procedure was performed because this experiment served as control for the incubation 
of tumor homogenate with desoxycorticosterone glucoside (see text). 


mg of desoxycorticosterone glucoside was 
added to 5.35 g homogenate in Krebs buffer 
solution, and the mixture incubated in oxygen 
for 2 hours with constant shaking. This was 
followed by acetone extraction; the dried 
acetone extract was assayed as_ indicated 
above. A group of 47 control mice (hybrid 
white mice obtained from a local dealer) were 
sacrificed and the adrenals pooled and homo- 
genized. Assay of the fresh homogenate was 
performed as indicated above for the tumors. 
Assay values were read against a standard 
dose-response curve with either compound A 
acetate or cortisone acetate. 

Results. 1. Results of the assays of the 
tumors are summarized in Table I. Gluco- 
corticoids were demonstrable in all instances. 

2. An assay of the glucocorticoid content 
of normal mouse adrenals yielded 190 pg 
equivalent of Compound A acetate in 206.8 
mg adrenal tissue, representing 47 pairs of 
mouse adrenals; the concentration was 90 pg 
per 100 mg adrenal tissue, or 4 wg per pair 
of adrenals. 

3. Incubation of 30 mg desoxycorticosterone 
glucoside with 5350 mg adrenal tumor homo- 
genate for 2 hours failed to yield additional 
glucocorticoids; the assay value was 816 pg 
equivalent of Compound A acetate, as against 
720 pg equivalent in the incubated homo- 
genate without addition of DOCG. 

Discussion. Glucocorticoids were demon- 
strable in the adrenocortical carcinomas. The 
values obtained may be considered as minimal 
values; in the larger tumors necrotic areas 
were detectable grossly and although as much 
as possible was excised prior to homogeniza- 
tion, very probably some residual necrotic 
material was included. In the normal ad- 


renals, medulla and cortex could not be sep- 
arated. The values for hormone concentra- 
tion, expressed as »g per 100 mg adrenal- or 
tumor tissue, are therefore of limited signifi- 
cance, but it would appear that the concen- 
tration in the normal adrenals is higher than 
in the tumor. On the other hand the amount 
of hormone present in an individual mouse is 
50-100 times greater in tumor-bearing than 
in normal mice. In 2 of the tumor-bearing 
mice (Exp. 1 and 2) blood sugars were deter- 
mind and were found to be 82 and 106 mg/ 
100 ml, respectively. If the hormone content 
of the tumor reflects a comparable release of 
glucocorticoids into the circulation, it is per- 
haps remarkable that these mice were normo- 
glycemic. Little is known regarding the sen- 
sitivity of mice to the diabetogenic action of 
cortical hormones; Furth has observed dia- 
betes in mice with adrenocortical hyperplasia 
due to pituitary tumors(13). Perhaps the 
simultaneous secretion of sex steroids may 
counterbalance the effect of glucocorticoid ex- 
cess in our experiments. 

The fact that no conversion of 11-desoxy- 
corticosterone to a glucocorticoid could be 
demonstrated, may suggest a different mode 
of synthesis in the tumors as compared to 
normal adrenal tissue. The latter, obtained 
from beef, can oxidize the steroid molecule 
at C,(14). No comparable data for normal 
mouse adrenals are available. However, our 
incubation mixture was not reinforced with 
ATP, fumarate and magnesium ions, which 
increase conversion(14). In the absence of 
these agents, maximum conversion would not 
be expected, but the complete absence of con- 
version in the mouse adrenal tumor is prob- 
ably significant. 
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The observation that these adrenocortical 
carcinomas which have been known to secrete 
sex hormones, also contain appreciable 
amounts of glucocorticoids, is of interest in 
view of the findings of Dickie and Woolley on 
the pituitaries of mice bearing adrenocortical 
cancers(8). The changes which they found 
in the pituitary basophils in these mice re- 
sembling those in human cases of Cushing’s 
syndrome, may perhaps be correlated with 
glucocorticoid secretion by the cortical tumors 
rather than with the sex hormone secretion. 
In man, changes in the pituitary basophils, 
especially the hyaline changes described by 
Crooke, are characteristic of Cushing’s syn- 
drome and have also been found in the pitui- 
taries of individuals treated with large doses 
of cortisone(9,10). It is of interest too that 
an elevated level of formaldehydogenic ster- 
oids in the urine has been observed in some 
instances of adrenogenital syndrome due to 
adrenocortical carcinoma in women, although 
the clinical picture gave no evidence of exces- 
sive glucocorticoid effects. One may draw a 
tentative parallel to the mouse adrenocortical 
cancers reported in this paper. 

Summary. Adrenocortical carcinomas, in- 
duced in mice by early castration, and trans- 
planted to recipient mice, were assayed for 
glucocorticoids by the mouse liver glycogen 
method of Venning. Glucocorticoids were 
present in all tumors. The hormone content of 
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the tumors was compared with that of normal 
mouse adrenals and was found to be smaller 
on the basis of tissue weight. Incubation of 
tumor homogenate with desoxycorticosterone 
glucoside failed to yield increased glucogenic 
activity. 
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Since the publication of Wolbach’s classic 
investigation of scurvy(1,2), it has been ac- 
cepted that in the scorbutic state there is a 
deficiency in the formation of mesenchymal 


* This work was supported by grants from the 
Life Insurance Medical Research Fund and the 
U. S. Public Health Service. 


intercellular substances. Production of both 
major elements of the connective tissue inter- 
cellular material, the fibrillar components as 
well as the amorphous ground substance, has 
been reported to be diminished or absent. 
There has been ample confirmation of the 
fact that collagen fibre formation in scurvy 
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is markedly reduced or ceases altogether. 
However, it is not yet so clearly evi- 
dent whether a similar interference with the 
production of the interfibrillar amorphous 
ground substance also takes place. Penney 
and Balfour(3) found no evidence of muco- 
polysaccharide formation in the wounds of 
totally scorbutic guinea pigs. Bunting(4), on 
the other hand, reported greater than normal 
quantities of metachromatic material in 
wounds of partially scorbutic animals. In 
similar studies in this laboratory, the results 
were difficult to interpret because of the 
complexity and multiplicity of the processes 
involved in the healing of wounds, so that a 
simpler approach was sought. 


It has been reported(5) that the production 
of experimental exophthalmos in guinea pigs 
is accompanied by the appearance of increased 
quantities of mucinous ground substance in 
the orbital connective tissue. This deposition 
of ground substance takes place in connective 
tissue already present in the orbit, so that the 
problems arising from the cellular and vascu- 
lar proliferation and the formation of new 
collagen which complicate studies of wound 
healing are not involved. The study of ex- 
perimental exophthalmos was therefore felt 
to provide a less complicated approach to the 
problem of ground substance formation in the 
scorbutic animal than did earlier methods. 
Histologic and chemical studies of the orbital 
tissues of exophthalmic, scorbutic guinea pigs 
were carried out. 


Methods. Forty guinea pigs (250 g) of 
both sexes were divided into four groups: 
intact animals on a diet of purina chow and 
fresh greens, excluding cabbage; thyroid- 
ectomized animals on the same diet and 
treated with 3 mg/day of a preparation of 
the thyrotropic fraction of the adenohypophy- 
sis (TSH) ;+ intact guinea pigs on a scorbutic 
diet supplemented by cod liver oil and vitamin 
B complex; and thyroidectomized animals 
treated with TSH and a similar scorbutic diet. 
Half of the animals were thyroidectomized 
and were treated with parathyroid extract and 
calcium for 4 days postoperatively. Nine 


t Thyrotropic hormone obtained through the cour- 
tesy of Dr. L. W. Donaldson of Parke, Davis Co. 
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days were allowed to elapse for wound heal- 
ing. Half of the thyroidectomized guinea pigs: 
and half of the unoperated animals were then 
started on the scorbutogenic diet; at the end. 
of 18 days on this regimen these animals had 
lost an average of 69 g each. At this time all 
thyroidectomized guinea pigs were injected 
with 3 mg/day of TSH intraperitoneally for 
5 days. The animals were lightly etherized 
and exsanguinated. The orbital contents were 
carefully dissected out en bloc, and the eye- 
ball freed of the ocular muscle insertions and 
discarded. The lacrimal and Harderian glands 
were separated so that the tissues were di- 
vided into three portions: lacrimal gland, 
Harderian gland, and an ocular muscle-con- 
nective tissue fraction. The contents of one 
orbit were utilized for analyses of water and 
hexosamine content, and those of the other 
for histologic study. Total water contents: 
were determined by weighing on an analytic 
balance before and after desiccation in a dry- 
ing oven at 100-105°C for 12 hours followed 
by a similar period in a vacuum desiccator. 
The hexosamine contents were determined by 
a modification of the method of Elsom and 
Morgan. Tissues were fixed in 10% formalin, 
cold absolute alcohol, and Zenker-acetic acid, 
and were embedded in paraffin. Bones were 
decalcified in formic acid. Sections were cut 
at 5-7 uw. The strains used included hematoxy- 
lin-eosin, toluidine blue, periodic acid-Schiff 
reagent, and the Gomori technic for phospha- 
tase. Frozen sections of the formalin-fixed 
tissues were stained for fat with Sudan IV. 


Results. Grossly visible exophthalmos be- 
came apparent in all thyroidectomized animals 
receiving TSH after 3 days of treatment. 
There were no obvious differences in the de- 
gree of exophthalmos between the non-scor- 
butic and scorbutic groups. The eyes of the 
normal controls and the untreated scorbutic 
guinea pigs exhibited no such changes. Dur- 
ing dissection it was apparent that the retro- 
bulbar tissues of the exophthalmic animals: 
were more mucoid than those of the controls. 

Histologic examination of the orbital tissues. 
revealed findings identical with those previous- 
ly described(5). The changes observed were 
most prominent in the loose connective tissue 
of the muscle-connective tissue fraction, al- 
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though a qualitatively similar response was 
seen in the connective tissue of the septa of 
the glandular fractions. The glandular tissue 
itself did not participate in the reaction. 

Fibroblasts in the tissues of all scorbutic 
animals revealed marked vacuolization, with- 
out any relationship to the presence or absence 
of exophthalmos. The vacuoles were demon- 
strated to contain neutral fat upon staining 
with Sudan IV. 

There were prominent subconjunctival 
lymphatic follicles in both the normally fed 
and scorbutic animals. In the two groups 
which had undergone thyroidectomy and been 
treated with TSH, these follicles were con- 
siderably increased in size. The diffuse lym- 
phatic cell infiltration reported by others was 
not observed. In some of the animals, how- 
ever, particularly those of the exophthalmic 
groups, there was a slight infiltration with 
polymorphonuclear leukocytes, most promin- 
ently in the loose subconjunctival tissue. This 
evidence of conjunctivitis was more frequent 
in the scorbutic animals, possibly because of 
their lowered resistance to infection. 

Sections from control animals stained with 
toluidine blue revealed at most very faint 
traces of metachromatic material in the extra- 
cellular portions of the connective tissue. The 
tissues from the intact scorbutic group also 
displayed minimal metachromasia. In _ the 
thyroidectomized group treated with TSH 
and fed a normal diet, large deposits of meta- 
chromatic material were noted. This was 
most prominent in the loose connective tissue, 
adjacent to the muscle, and in the septa of the 
adipose tissue. The TSH treated thyroid- 
ectomized scorbutic animals also revealed 
considerable amounts of metachromatic sub- 
stance in the same regions. In fact, the latter 
two groups were indistinguishable histologi- 
cally, except for the vacuolization of the 
fibroblasts of the scorbutic group. 

The retrobulbar tissues stained by means 
of the periodic acid-Schiff reagent reaction 
revealed moderate amounts of PAS-positive 
material in the intact animals, whether normal 
or scorbutic. In the thyroidectomized, TSH- 
treated groups there was a striking increase of 
the quantities of the material in the extracel- 
lular spaces of the connective tissue. This 
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was more evident in alcohol-fixed than for- 
malin-fixed tissues, indicating that some of 
this material is water soluble. PAS-positive 
granules were observed in the cytoplasm of 
the fibroblasts of both normal and scorbutic 
animals. A significant difference in the num- 
ber of such granules in the two groups was 
not apparent. 

The phosphatase preparations were incon- 
clusive. It appeared that there was an in- 
crease in the amounts of alkaline phosphatase 
in the cytoplasm of the fibroblasts of the 
animals with exophthalmos, but these results 
were neither striking nor consistent. We were 
able to demonstrate no correlation between 
the existence or absence of scurvy and the 
degree of phosphatase activity in the sections. 

The results of tissue analyses for water 
and hexosamine contents were consistent with 
earlier observations (Table I). There were 
significant increases in the total water con- 
tent and total hexosamine concentration in 
the orbital tissues of all exophthalmic guinea 
pigs, both normally fed and scorbutic. In 
these groups the rise in water and hexosamine 
contents of the tissues from scorbutic animals 
was of the same magnitude as that seen in the 
normally fed group. The water content of the 
connective tissue-muscle fraction of the retro- 


_ bulbar tissues of the untreated scorbutic ani- 


mals was slightly lower than the normal con- 
trol values, possibly reflecting a generalized 
dehydration ensuing from the poor physical 
state of the former group. The hexosamine 
concentrations per unit of dry weight were 
identical for these two groups. 

Discussion. The results of these investiga- 
tions indicate that the existence of the scor- 
butic state per se does not interfere with the 
deposition of intercellular ground substance in 
connective tissue. The development of exoph- 
thalmos in scorbutic guinea pigs implies that 
in scurvy there is no impairment of the 
capacity of the retrobulbar connective tissue 
to respond to the exophthalmogenic factor 
present in the thyrotropic fraction of the 
adenohypophysis. 

Scorbutic TSH-treated guinea pigs exhibited 
histologic and chemical responses identical to 
those reported earlier in normally fed animals. 
Metachromatic material observed in the 
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TABLE I. Water and Hexosamine Contents of Muscle-Connectiye Tissue Fraction of the 
Orbital Contents. 
inns. SS  OC_NMNMNMNSRSCOCQCOCMRSSSS._C_ SSS S.C 


? Wet wt, Dry wt, Hexosamine, 
No mg mg Water, % mg/100 mg 
Gearél § Intact 8 157 33.1 MOO ae dae 64 + .02* 
ql aMayagoel Se MUSHEE 4% 230.9 32.7 86.0 + 1.0 rl =e.08 
x { Intaet 6 147.9 35.4 75.6 + 1.7 65 + .03 
Seurvy eles ° St 5 
Sige 32.0 1.15 + .05 


| Thyroid ¥ TSH 6 203.4 


* Stand. error of the mean. 


tissues of scorbutic animals did not appear 
to differ either quantitatively or qualitatively 
from that seen in non-scorbutic exophthalmic 
animals. Sections stained by the periodic 
acid-Schiff reagent technic demonstrated strik- 
ing increases in the amounts of PAS-positive 
material in the tissues of exophthalmic ani- 
mals. This, too, appeared to be as great in 
the scorbutic animals as in the normally fed 
controls. 


It is significant that the localization of the 
sites of deposition of the metachromatic ma- 
terial did not coincide with that of the PAS- 
positive substances. Deposits of fuchsino- 
philic material were often seen surrounding a 
clear zone which was filled with metachro- 
matically staining matter in a corresponding 
section stained with toluidine blue. These 
findings imply that the two staining methods 
indicate the presence of different substances, 
or of the same substance in different states 
of polymerization, as has been pointed out 
by Gersh and Catchpole(6). It is generally 
thought that toluidine blue reacts metachro- 
matically with highly polymerized polysac- 
charides probably in the form of protein com- 
plexes (mucoproteins). On the other hand 
the PAS method stains reactive groups within 
less highly polymerized substances which, as 
Gersh and Catchpole have indicated, are 
probably glycoproteins. However, this meth- 
od often fails to stain tissues known to contain 
mucoproteins. For example, the intermediate 
zone of the cock’s comb, which is extremely 
rich in polysaccharide, remains PAS negative 
in formalin-fixed, alcohol-fixed, and freeze- 
dried preparations. 


84.44 9 


The histologic findings are further sub- 
stantiated by the results of the water and 
hexosamine determinations. The increase in 
the concentrations of both is of the same 
magnitude in the scorbutic and normally fed 
groups, again indicating that there is no ap- 
parent deficiency in the capacity of the scor- 
butic animal to produce polysaccharide-con- 
taining intercellular substance. 

Summary. 1. Scorbutic thyroidectomized 
guinea pigs treated with TSH developed ex- 
ophthalmos as readily as a group of similarly 
treated animals maintained on an adequate 
diet. 2. Histologic and histochemical findings 
in orbital tissues of the scorbutic guinea pigs 
were identical with those seen in the control 
group. 3. The increase in water and hexos- 
amine contents of orbital tissues of exoph- 
thalmic animals was as great in those with 
scurvy as in the group fed an adequate diet. 
4. The existence of the scorbutic state does 
not in itself affect the capacity of the con- 
nective tissue to produce the substances which 
constitute the amorphous interfibrillar ground 
substance. 
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In the adrenogenital syndrome due to 
adrenocortical hyperplasia as defined by 
Wilkins(1), there is a high urinary excretion 
of 17-ketosteroids. Chromatographic separa- 
tion of the neutral 17-ketosteroids from the 
urine of individuals with this condition re- 
vealed a larger proportion of 11-oxygenated 
17-ketosteroids (11-hydroxyandrostanolone) 
than is found in normal adults(2). The pres- 
ence of the 1l-oxygen group would indicate 
that these compounds are probably of adreno- 
cortical origin and hence their relative increase 
with adrenocortical hyperplasia is not sur- 
prising. Following suppression of the total 
17-ketosteroid excretion in this condition by 
11-dehydro-17-hydroxycorticosterone (cortis- 
one) described by Wilkins(1), the quantities 
of 1l-oxygenated steroids become relatively 
less in relation to the total output. 

Both the Zimmerman(3) and Pincus(4) re- 
actions have been used for the determination 
of urinary 17-ketosteroids. The Zimmerman 
reaction with meta-dinitrobenzene produces a 
response in proportion to the total quantity of 
17-ketosteroids present, and this response is 
equal for the 11-oxygenated and 11-desoxy 
17-ketosteroids. Flowever, the Pincus reagent, 
antimony trichloride, reacts to a considerably 
smaller degree with 11-oxygenated than with 
11-desoxy compounds. In this laboratory, the 
color of 1 mg of 11-hydroxyandrostanolone 
corresponds to that of 0.4-0.5 mg of andros- 
terone with the Pincus method. During the 
hydrolysis, with acid and heat, for the release 
of 17-ketosteroids in urine, the 11-hydroxy 
compounds may be converted in great part 
to A-9 steroids. Dingemanse(5) has shown 


* This work was made possible by a Grant-in-Aid 
from the American Cancer Society upon recommen- 
dation of the Committee on Growth of the National 
Research Council, and research grant from Division 
of Research Grants and Fellowships of the National 
Institutes of Health, U. S. Public Health Service. 


that the latter also produces about one half 
the color with the Pincus reaction as compared 
to the Zimmerman, so that artefacts produced 
by hydrolysis are similar in their responses to 
these tests. Such artefacts, however, are not 
easily separated by chromatography from the 
11-desoxy compounds so that their relative 
increase may not be apparent. Furthermore, 
chromatographic separations are time con- 
suming and are not suitable for large-scale 
studies. 

The application of both the Zimmerman and 
Pincus reactions to identical urinary extracts 
of normal adults and patients with adreno- 
cortical hyperplasia has been found useful for 
the estimation of the relative quantities of 
11-oxygenated steroids present. Androsterone 
was used as the standard for both tests and is 
known to react well with either. The results 
were then expressed as P/Z, or the proportion 
of Pincus reacting steroids as compared to the 
“total” (Zimmerman) compounds (Table I). 
When large quantities of 11-oxygenated 
steroids are present, it would be expected that 
the Pincus levels would be considerably lower 
than the Zimmerman. 


The results obtained with normal adults re- 
veal that the ratio of Pincus reacting steroids 
(P) to Zimmerman (Z), averaged 0.95 with 
a range of 0.74-1.2. Untreated individuals 
with adrenocortical hyperplasia were found to 
have ratios averaging 0.54 with a range of 
0.35-0.72. The difference between the two 
groups is highly significant since P = less than 
0.01. This would indicate that a large pro- 
portion of 1l-oxygenated steroids, or their 
A-9 artefacts were present in the urine of 
individuals with adrenocortical hyperplasia. 
This conforms to the results of chromato- 
graphic separation on alumina(2). The ratio 
rises following suppression of the adrenal cor- 
tex with 11-dehydro-17-hydroxycorticoster- 
one, indicating a greater suppression of 11- 
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TABLE I. 
060G0—_00—wwwnwnaoaooOQ=>=$~q~oonSSS 


No treatment 
-—17-ketosteroids (mg/24 hr)— 


On cortisone 
-—17-ketosteroids (mg/24 hr) 


Pincus Zimmerman P/Z Pincus Zimmerman P/Z 
Normaladults @ 7.0 9.5 74 
10.8 9.1 12 
7.6 6.8 isi 
fe) 3.2 3.9 82 
6.1 6.1 1.0 
2.8 3.0 .93 
23 2.4 .96 
4,1 5.0 .82 
6.9 6.9 1.0 
Mean 0.95 SE-=+ 0.137 
Adrenal hyperplasia 
SW Bat 6.0 45 1.8 1.5 1.2 
TD Ul 15) AT 3 Sil 3.0 
PD 14.2 40.7 cop 8.4 9.0 94 
DD 10.0 26.6 .38 TSS 16.8 .69 
SB 5/55 2105 72, 
13.0 24.2 54 10.4 10.2 1.0 
LB 25.4 55.0 46 
35.0 60.0 58 5.4 6.0 9 
NW 29.2 47.0 .62 5.8 atl ss 
36.0 54.3 .66 16.8 18.2 93 
HW 2 Bore .66 2.6 Sell 7a 
Mean 0.54 SE+ 0.118 
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oxygenated compounds. This has been noted 
in spite of the fact that a certain amount of 
the administered steroid might be excreted as 
11-oxygenated substances. 

The application of this combination of re- 
actions to the study of adrenocortical hyper- 
plasia offers a relatively simple system for 
estimating the proportion of 11-oxygenated 
_ 17-ketosteroids which are elevated in this con- 

dition, and their relatively greater suppression 
with treatment. One word of caution must be 
added: Dehydroepiandrosterone, which is 
usually excreted in large quantities by indi- 
viduals with tumors of the adrenal cortex also 
reacts poorly with the Pincus reagent. How- 
ever, two instances of tumor so studied indi- 
cated that the quantities of dehydroepiandro- 
sterone excreted were so great that the P/Z 
ratio was less than 0.1. 


Summary. There are differences in the re- 


actions of 1l-oxygenated and 11-desoxy 17- 
ketosteroids with the Pincus and Zimmerman 
reagents. Since those steroids with an 11- 
oxygen function are probably of adrenal corti- 
cal origin, it is possible to estimate the quan- 
tity of these two groups of compounds in ex- 
tracts of urine by applying both tests. It has 
been shown that in urine from patients with 
adrenal cortical hyperplasia the ratio of Pincus 
to Zimmerman reacting 17-ketosteroids is low 
indicating a large proportion of 11-oxy com- 
pounds. 
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Differences in the susceptibility of various 
stocks of mice to experimental encephalomye- 
litis have been noted(1-3). These observa- 
tions prompted a systematic examination of 
mouse stocks of more certain genotypic com- 
position, with the aims of 1) probing the 
possible genetic limits of the susceptibility- 
resistance spectrum of mice to this malady 
and 2) examining the mode of inheritance of 
such differences in susceptibility as was feasi- 
ble. It is the purpose of the present paper 
to report the results of this examination. 

Methods and materials. 1) Test for sus- 
ceptibility to experimental encephalomyelitis. 
Mice were tested at the age of 6-8 weeks by 
a series of 6 weekly subcutaneous injections 
of proteolipide A and B(4,5) prepared from 
mouse brains. This chemical fraction which 
has been found to contain the encephalitogenic 
activity(3,4) was mixed with a Freund-type 
adjuvant, following precisely the methods al- 
ready described in detail(3). All animals 
were observed daily for manifest signs of the 
malady, and if they showed no sign 12-15 
days after the sixth injection their brains were 
removed and examined for histopathological 
lesions. Positive signs were confirmed by 
pathological findings. Animals were scored 
as either positive reactors, or nonreactors, 7.¢., 
as susceptible or resistant. 2) Mouse geno- 
types examined. Four inbred lines were avail- 


TABLE I. Disseminated Encephalomyelitis Devel- 

oping in 4 Inbred Mouse Lines following 6 Serial 

Subcutaneous Injections of Mouse-Brain Proteo- 
lipide A + B. 


Generations No. pos./ 


Mouse line inbred No. tested 
BRVR- 33 0/15 
BRVS 35 2/ Vo 
BSVR 44 8/14 
BSVS 44 ahay Aus; 


able. These lines were obtained by selective 
brother-sister mating of Rockefeller Institute 
mice by Dr. Webster of this Institute, as al- 
ready described(6). Since Dr. Webster’s 
death in 1943 they have been continued in 
uninterrupted brother-sister mating by one of 
us (H.A.S.). Selected on the basis of progeny 
tests, these 4 lines represent the possible 
combinations of resistance and susceptibility 
to a bacterial disease, salmonellosis, and a 
virus disease, St. Louis encephalitis, and are 
as follows: 

1. BRVR (bacteria resistant, virus resistant) 


2% BRVS ( idem susceptible) 
3:..BSVs = (e- 7 “ssusceptibles ace ef ) 
4. BSVR ( idem resistant) 


These mice have been maintained in the 
breeding colony on a modified Steenbock stock 
diet(6). Progeny were weaned at 4 weeks 
of age and either retained in the breeding 
room for subsequent matings or removed for 


TABLE II. Disseminated Encephalomyelitis Developing in F,, F, and Backeross Progeny. 
3 


’ No. pos./ 

Generation Exp. Mating No. tested Total 
Parent BSVS 1 Nay B7/ 57 57/ 57 
BRVR 2 —- 0/ 42 0/ 42 
1s, 3 BRVR®@ 2 X BSVS ¢ ¢ OT 0/ 40 

4 ; 39 0/ 12 

D BSVS 992 X BRVR¢ @ 0/ 10 

6 4 0/ 11 
F,, BSVS backeross a BSVS 99° xX Fi2 2 15/ 41 doy 
FY, BRVR f 8 BRVRG? X Fi6 2 1/ 38 1/ 38 
in 9 F,? 9 x Eres 15/231 15/231 
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TABLE ITI. Statistical Analysis of the Genetic Data. 
Hypothetical 
; resistance -——Res. : Suse. —F req. of suse.—, 
Generation factors required Expected Found Expected Found xX? a2 

F, backerosstoBSVS 1 ede mess, 215 MT, 9 > pallies E 
2, both ig 6 Pa ao 3 10.76 <@ (il 
2, either one 3} Boll a eS 33 0.797 Sh} 
3, any one Col ie 125 a 5.19 <.03 

134 a ay gull 216 = 15 25 .0649 28.4 <.001 
2, both Ons 43 44 % 85.22 Pe 
2, any 2 il g 5 313 46.2 fe 

IS gall ‘ .0625 : 


2, either one 


.00009 


test. While on test the mice were fed a diet 
of commercial fox chow, bread and milk, and 
water. Matings of suitable genotype for 
purposes of genetic analysis were made, and 
are itemized below. 

Experimental. Susceptibility tests on the 
4 inbred mouse stocks are summarized in 
Table I. It is clear from this that BRVR 
mice were found to be 100% resistant and 
BSVS mice were 100% susceptible. The 
BRVS and BSVR mice were mixed in their 


response, for causes which have been left 
uninvestigated temporarily, and were ex- 
cluded from further consideration. The 


BRVR and BSVS stocks were therefore se- 
lected as suitable material for a genetic an- 
alysis of the observed difference (100%) in 
susceptibility. 

Crosses were made in which BRVR mice 
were mated with BSVS mice of both sexes, as 
shown in Table II. It is to be noted that the 
F, hybrids were uniformly resistant, indi- 
cating that whatever the number of genetic 
factors involved those conferring resistance 
were dominant. 

To determine the number of genetic factors 
and the mode of their inheritance, F; hybrids 
were mated inter se and also backcrossed to 
the parental lines. As Table II shows, the 
F. exhibited a 216:15 ratio of resistants to 
susceptibles, or a susceptible frequency of 
0.0649. As indicated in Table III, this ratio is 
consistent (P >0.99) with the hypothesis that 
two independent factors for resistance were 
segregating, the presence of either of which 
could confer resistance. The data here pre- 
sented on the F; backcross to the susceptible 
parental line (BSVS) are insufficient to dis- 
tinguish between the segregation of one or 


2 factors, but do serve to exclude the par- 
ticipation of 3 or more factors. 

Discussion. The resemblance in several fea- 
tures between experimental disseminated en- 
cephalomyelitis in various animal species, in- 
cluding mice, and certain of the demyelinating 
encephalitides of man, such as acute dis- 
seminated encephalomyelitis and multiple 
sclerosis, has been pointed out by Wolf, Kabat 
and Bezer(7) and by Ferraro and Cazzullo 
(8). Pratt et al.(9) have suggested that in- 
heritance plays a role in the incidence of 
human disseminated sclerosis. 

The data presented here indicate that in 
these mice the resistance to experimental acute 
disseminated encephalomyelitis is under gene- 
tic control. The details of this control are 
consistent with the hypothesis that two un- 
linked genetic factors are operative: the pres- 
ence of either of these factors is sufficient to 
confer resistance and since both are dominant, 
resistance to the experimental disease is ap- 
parently effected by a single genetic factor. 

Conclusion. An examination of 4 lines of 
inbred mice for susceptibility to experimental 
acute disseminated encephalomyelitis revealed 
a resistant line, BRVR, and a susceptible line, 
BSVS. The simplest explanation of the data 
here presented is that the 2 appear to differ 
by two resistance-conferring genetic factors 
either of which is adequate to bring about re- 
sistance. 
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Effect of Continuous Injection of Glucagon upon Glycosuria of Partially 


Depancreatized Rats. 


(20907) 


Dwicut J. INctz,* DeExTER F. BEARY, AND ANDREJS PURMALIS. 
From the Research Laboratories, The Upjohn Co., Kalamazoo, Mich. 


Glucagon is a hyperglycemic principle oc- 
curring in extracts of pancreas. In the pres- 
ent study the continuous intravenous injection 
of glucagon caused a temporary increase in 
the urinary glucose of the mildly diabetic rat. 


Methods. Male rats of the Sprague-Daw- 
ley strain were maintained on Archer Dog 
Pellets until they were partially depancrea- 
tized at a weight of 275 to 280 g. After 
reaching a weight of 300 g they were force- 
fed a medium carbohydrate diet(1) by 
stomach tube each morning (8:30 to 9:00 
a.m.) and afternoon (4:15 to 5:00 p.m.) 
Each rat was placed in a metabolism cage 
which restricted its activity so that the ani- 
mal was unable to reverse its position. Each 
24-hour dose of highly purified glucagon(2) 
was contained in one ml of physiological 
saline and was adininistered continuously by 
either intra-jugular or subcutaneous injection. 
A fresh solution was prepared every 24 hours. 

It was found to retain its glycogenolytic 
potency during the period of administration. 
Saline only was injected during the control 
periods. Attempts to preserve asepsis were 
not uniformly successful. Infection of the 
vein at the site of the indwelling needle was 
found in about 40% of the animals at 
autopsy. The data of this report represent 
only those animals in which intravenous in- 
fusion was successfully maintained through- 
out the experiment. Urine was collected at 
the same hour (8:00 to 8:30 a.m.) each day 


*Present address: The Ben May Laboratory for 
Cancer Research, University of Chicago. 


for the quantitative determination of glu- 
cose(3). 

Experiment. In Exp. 1, six normal rats 
were given glucagon by continuous sub- 
cutaneous injection in doses of 0.05 mg the 
Ist day, 0.1 the 2nd day, 0.2 the 3rd day, 
0.5 the 4th day, and 1.0 mg the Sth day. 
These rats remained free from glycosuria 
during the control periods and during the 
injection of glucagon. 

In Exp. 2, six mildly diabetic partially de- 
pancreatized rats were given glucagon by 
continuous subcutaneous injection every other 
day. Doses of 0.05, 0.1 and 0.2 mg per rat 
per day were tested with negative results. 
The experiment was extended on 5 similar 
animals using doses of 0.05, 0.1, 0.2 and 0.5 
mg of glucagon per rat per day with negative 
results. 

In Exp. 3, six mildly diabetic partially de- 
pancreatized rats were given glucagon by con- 
tinuous intra-jugular injection at a dosage of 
0.5 mg/rat/day for 8 days. In each rat 
there was a temporary increase in urinary 
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FIG. 1. Effect of continuous intravenous injection 
of glucagon upon glycosuria of 6 partially depan- 
creatized rats. Average. 
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FIG. 2. Effect of continuous intravenous injection 


of glucagon upon glycosuria of a partially depan- 
creatized rat. 


glucose which reached a peak during the 2nd 
day and then fell to preinjection levels or 
lower by the 4th day. The data are in Fig. 1. 
Similar individual rats were given glucagon 
in doses of 0.1 to 2 mg/rat/day for 5 days. 
Each rat showed exacerbation of the glyco- 
suria which reached a peak on the 2nd day 
and then abated. The response of one animal 
is shown in Fig. 2. 


Discussion. Glucagon has a positive effect 
upon the glycosuria of the partially depan- 
creatized rat. Our data indicate that the 
exacerbation of diabetes is temporary but 
definite conclusions may not be warranted. 
Some veins were found to be infected at 
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autopsy although it was demonstrated that 
the infusion fluid still entered the blood in 
those animals which are reported here. There 
is evidence that the pancreas secretes a hyper- 
glycemic agent(4) which may or may not be 
identical with glucagon. At this time the 
origin of glucagon, its hormonal nature and 
its role in body economy have not been clearly 
established. 

Summary. When a highly purified prepara- 
tion of glucagon was administered to partially 
depancreatized, force-fed rats by continuous 
intravenous injection there was temporary 
exacerbation of the diabetes. The continuous 
subcutaneous injections of glucagon to normal 
and to partially depancreatized rats were in- 
effective in the doses (0.05 to 1 mg/rat/day) 
tested. 


We wish to express our appreciation to Dr. W. R. 
Kirtley, Clinical Investigation Department, Lilly and 
Co., who supplied the glucagon for these studies. 
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Eosinophils of Blood During Prolonged Exposure to Cold and Chronic 
Administration of Cortisone Acetate.*t (20908) 


M. E. DENISON AND M. X. ZARROW. 
From the Department of Biological Sciences, Purdue University, Lafayette, Ind. 


In accordance with the concept of the 
General-Adaptation-Syndrome, it has been 
postulated that an increased secretion of 
adreno-cortical steroids occurred when an 
animal was placed under prolonged exposure 
to stress(1). This increased release of ad- 


* These. studies were aided by a contract between 
the Office of Naval Research, Department of the 
Navy and the Purdue Research Foundation. 

+ The cortisone acetate was obtained through the 
courtesy of Dr. Carlisle, Merck and Co., N. J. 


renal corticoids has been demonstrated indi- 
rectly by changes in the concentration of 
different metabolites in the blood during the 
period of exposure(1). The use of the ad- 
renal ascorbic acid or adrenal cholesterol de- 
pletion tests as indices of adrenal activity 
have also revealed an immediate and marked 
release of adreno-corticoids(2). However, both 
substances-returned to normal or above normal 
during prolonged exposure to cold(3). Simi- 
larly, prolonged exposure to a low atmospheric 


434 


pressure(4) caused an initial depletion of ad- 
renal ascorbic acid which returned to normal 
levels after adaptation to the environmental 
stress had occurred. It has been suggested 
that the recovery of the adrenal ascorbic acid 
and cholesterol were indicative of a new level 
of homeostasis and the gland was still in a 
hyperactive state. 

Recently Ingle(5,6) has indicated that the 
hormones of the adrenal cortex play a per- 
missive rather than a regulatory role in many 
adjustments to stress. Since the requirements 
for the cortical hormones are greatly in- 
creased during severe stress, he goes on to 
say ... “that increased amounts of hormone 
would be required to support a state of eucor- 
ticalism and, consequently, permissive action, 
during severe as compared to a mild stress.” 
The present study was undertaken to deter- 
mine the level of adreno-cortical activity in 
rats during prolonged exposure to cold. 
Changes in the level of circulating eosinophils 
were used as an index of adrenal activity and 
comparisons made between normal rats, rats 
exposed to cold and rats treated with cortisone 
acetate. 

Materials and methods. Mature female 
rats of the Harvard-Wistar strain, weighing 
between 150 and 250 g were used in the fol- 
lowing experiments. The animals were di- 
vided into groups of 8 to 12 rats and 2 
groups were exposed to a low environmental 
temperature (2 + 2°C) for a period of 90 
days. Four other groups were treated daily 
with various doses of cortisone acetate for a 
period of 21 days. The hormone was injected 
subcutaneously in a volume of 0.1 ml at dos- 
ages of 20, 50, 100, and 200 pg. A seventh 
group of animals served as controls and re- 
ceived 0.1 ml of saline daily. The animals 
were bled at regular intervals and the number 
of eosinophils/mm? of blood was determined. 
Peripheral blood was obtained from: the tail 
and used for all the counts. The eosinophils 
were stained by the method of Pilot(7) and 
the number of cells was determined by count- 
ing the total number of eosinophils present in 
the entire field on both sides of a Neubauer 
Haemocytometer. Another group of rats re- 
ceived a single injection of 100 ug of cortisone 
acetate at the termination of a 90-day expos- 
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ure to cold. This was done in order to deter- 
mine whether the eosinophils were still sen- 
sitive to cortisone. A final group of rats was 
used for diurnal rhythm studies. The control 
animals and those treated with cortisone ace- 
tate were kept at a constant temperature of 
22-24°C and supplied with food and water 
ad libitum. The animals exposed to the cold 
(2 + 2°C) were kept in individual cages and 
given free access to food and water. All rats 
were fasted for 24 hours prior to each bleed- 
ing, but water was available at all times. 
Three eosinophil counts were made on all ani- 
mals prior to treatment or exposure to cold 
and the subsequent counts were expressed as 
a percentage of the control values. 


Results. A marked decrease of 86% in the 
circulating eosinophils occurred within 6 
hours after the rats were exposed to cold 
(Fig. 1). However, the number of eosino- 
phils returned to normal (—9%) within 24 
hours in spite of the continued exposure. For 
the remainder of the period of cold exposure 
the level of eosinophils remained similar to, 
or greater than the pre-exposure value, with a 
significant drop observed on the 15th day. 
From the 29th day of exposure until the ter- 
mination of the experiment on the 90th day 
the eosinophil levels remained consistently 
above normal. 


The sensitivity of the eosinophils to exo- 
genous cortisone acetate was tested in a sec- 
ond group of animals which had been in the 
An average eosinopenia of 


cold for 90 days. 


PER CENT CHANGE IN EOSINOPHILS 


10 205130) 540) {50 MGOm 70m SOmo0 
EXPOSURE TO COLD-DAYS 
FIG. 1. Changes in level of circulating eosinophils 
following exposure to cold (242°C). Note an 
initial drop followed by a rise with a secondary 
drop and a final rise which was maintained. 
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TABLE I, Diurnal Variation in Eosinophils of 

Rats Maintained at Room Temperature and during 

Exposure to Low Temperature (2+ 2°C) for a 
Prolonged Period. 


Y decrease in 
eosinophils at 
midnight, 
compared to 


Treatment noon leyel cP??? value 
0 (room temp. ) —45 — 
Cold ( 7 days) —35 AD? 

a= 6 0n ae |) —74 Oi 


* As compared against room temperature de- 
} 5 i 
erease. 


minus 76% was obtained within 6 hours after 
a single injection of 100 yg of cortisone ace- 
tate. 

The diurnal rhythm of eosinophils was de- 
termined at room temperature and during 
cold exposure in another group of rats. The 
eosinophils were counted at noon on every 
third day for a 9-day period and at midnight 
on every third day for a second 9-day period. 
The same procedure was repeated after the 
animals had been exposed to the cold for one 
week. A 45% decrease in eosinophils was 
noted at midnight as compared with the noon 
values for the rats maintained at room tem- 
perature and 35% drop in eosinophils in the 
rats exposed to cold (Table I). The levels of 
eosinophils at noon and at midnight were 
again determined after the animals had been 
in the cold for 60 days. At this time a 74% 
decrease in the level of eosinophils was noted 
at midnight. 

The level of circulating eosinophils was 
followed for 21 days in 4 groups of rats re- 
ceiving different daily doses of cortisone 
acetate. In this way it was possible to dem- 
onstrate that a continuous eosinopenia could 
be maintained with a constant daily injection 
of an adequate amount of cortisone acetate. 
The number of circulating eosinophils was 
determined at 3-day intervals for a 21-day 
period of treatment and this was compared 
to normal values which had been obtained 
prior to the beginning of the hormone ad- 
ministration. 

The administration of 20 pg of cortisone 
acetate daily had no effect on the level of 
circulating eosinophils. The number varied 
from —19 to +20% of the pre-injection level 
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throughout the period of treatment (Fig. 2). 
The animals in the second group received 
50 pg of the hormone and again no significant 
change in the number of eosinophils was noted 
for the duration of the experimental period. 
The level of eosinophils ranged from —25 to 
-+19% during this period. The administra- 
tion of 100 wg of cortisone acetate to the 
third group of rats resulted in a significant 
depletion in the number of eosinophils. The 
eosinopenia varied from —62 to —91% of 
the pre-injection level and was maintained for 
the entire period of treatment. Within 6 
days after the cessation of treatment the 
number of eosinophils returned to normal. 
An average eosinophil depletion of —87 to 
—91% was observed in the rats that received 
200 ug of cortisone acetate daily. With this 
dose the eosinophil level did not return to the 
pre-injection value until 9 days after the 
treatment had been stopped (Fig. 2). 
Discussion. The conclusions that may be 
derived from these experiments depend on the 
validity of the eosinophil depletion test as 
an index of adreno-cortical activity. Dalton 
and Selye(8) were the first to indicate the 
presence of an eosinopenia in the alarm re- 
action. Since then a great deal of work has 
been published on the eosinophil response and 
its possible use as an index of pituitary 
adreno-cortical activity(9-14). In addition 
the eosinopenic reaction has been suggested 
as an assay for cortisone(15,16) and urinary 
corticoids(17). Recently the specificity of 
this response has been questioned since it was 
shown that epinephrine caused an eosinopenia 
in the adrenalectomized mouse(18) and in the 
Addisonian patient(11). Furthermore the 
eosinophil reaction could not be correlated 
with blood levels of compound F(19) and 
treatment with cortisone at a dosage that 
failed to produce eosinopenia in the adrenalec- 
tomized animals, would do so if combined with 
epinephrine(20). Spiers(21), however, claims 
that in adrenalectomized mice the eosinopenia 
response to epinephrine is due to the presence 
of adrenal rests. In general it can be con- 
cluded that the eosinopenia may be due not 
only to a release of adrenal corticoids but also 
to some other reaction. However, since the 
presence of adequate amounts of the 11-oxy- 
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FIG. 2. % changes in circulating eosinophil of rat following treatment with 20, 50, 100 and 


200 wg of cortisone acetate daily for 21 days. A control group was injected with 0.1 ml saline, 
for a similar period. A significant drop in eosinophils was observed only in the rats receiving 
100 or 200 wg of cortisone acetate, and in both groups the eosinopenia was maintained 
throughout the period of treatment. The arrow indicates cessation of treatment. Circle—0.1 ml 
saline; circle (bottom shaded)—20 yg cortisone acetate; circle (top shaded)—50 wg cortisone 
acetate; circle (side shaded)—100 yg cortisone acetate; solid cirele—200 wg cortisone acetate. 


corticoids always produces an eosinopenia, 
this reaction may be used to determine the 
absence of these hormones. Nevertheless, it 
must be admitted that our knowledge of the 
factors involved in determining the number 
of circulating eosinophils is inadequate to 
make any definite statement, and all conclu- 
sions reached here regarding adreno-cortical 
activity are tentative and subject to new in- 
terpretation. 

The present results indicate that daily 
treatment with cortisone acetate will main- 
tain a continuous eosinopenia (Fig. 2). Al- 
though the 50 wg dose did produce an eosino- 
penia, the average decrease was not significant 
except for day 12, due to the high degree of 
variation (Table IL). However, the eosino- 
penia produced by the 100 and 200 pg dose 
was Statistically significant throughout the 
period of treatment at the 0.10 and 0.05 level. 

The initial eosinopenia which occurred 
shortly after the rats were exposed to the cold 
is presumably due to increased adreno-cortical 
activity. Within 24 hours, however, the 
number of eosinophils had returned to the 
pre-exposure level and by 48 hours a slight 


eosinophilia was present. In view of the 
eosinopenia which results from daily adminis- 
tration of cortisone acetate it appears that 
either the adrenal gland is not secreting ex- 
cessive amounts of cortical steroids after ini- 
tial exposure to cold or that adreno-cortical 
activity is increased only to the extent neces- 
sary to maintain a eucorticoid state in the 
new environment. The latter concept would 
be in agreement with the theory of the per- 
missive action of the adrenal gland(6). 

The diurnal variation in the number of 
circulating eosinophils was first demonstrated 
by Halberg and Visscher(22) who found a 
decrease in the number of eosinophils in mice 
during the night. This diurnal rhythm has 
been correlated with periods of generalized 
activity and increased adrenal secretion. 
Present results confirm previous findings that 
the diurnal rhythm present in the rat at room 
temperature is maintained after exposure to 
cold(23). This maintenance of a diurnal 
variation during the period of cold exposure 
is probably indicative of a diurnal rhythm 
in the adrenal cortex after the animal has 
been adapted to cold. 
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TABLE II. Statistical Significance of Results on 
the Level of Eosinophils in Rats Treated with 
Cortisone Acetate or Exposed to Cold. 


“*P?? values for No. of cir- 
culating eosinophils at* 


Treatment 6 12 18 days 
Cold Sie ie 
50 wg cortisone acetate >.1 05 Bell 
100 idem 10 10 05 
200 4 .05 05 10 


* Eosinophil values of above groups were com- 
pared with eosinophil values obtained in normal, 
saline-treated, control rats. 


The possibility that the eosinophils were 
refractive to adrenal corticoids is ruled out by 
their ability to respond to exogenous cortisone 
acetate after exposure to cold for 90 days. 
A single injection of 100 wg of cortisone ace- 
tate resulted in the characteristic eosinopenia 
that is normally found within 6 hours. This 
can be interpreted as indicating that the 
eosinophils are still responsive to cortisone 
and from this one may assume that there 
would be a continuous eosinopenia if the ad- 
renal gland was secreting large amounts of 
cortical hormone during the period of adap- 
tation. 

A possible adaptation by the organism to 
hypercorticalism has been suggested from data 
indicating a failure of cortisone to maintain 
high liver glycogen values(24) in spite of con- 
tinued treatment. Since the cortisone-treated 
rats showed no change in the eosinopenia after 
prolonged treatment it is apparent that the 
eosinophil reaction does not fall into this cate- 
gory. Hence it is difficult to assume that the 
failure to maintain an eosinopenia in the cold- 
exposed rats is due to adaptation. The pres- 
ent data seem to indicate that the increased 
amounts of adrenal corticoids present during 
the initial phase of exposure to cold are coun- 
teracted by the increasing needs of the organ- 
ism and that, consequently, after the animal 
has become adapted a eucorticoid state exists. 

Conclusion. Evidence has been presented 
to show that the circulating eosinophils do not 
remain depressed in rats exposed to cold for a 
period of 90 days. The level of eosinophils 
dropped 6 hours after the animals were ex- 
posed to the cold, but returned to above the 
normal values within 48 hours and in general 
remained high for the duration of the ex- 
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posure. Different doses of cortisone acetate 
were administered to intact rats and it was 
determined that a daily dose of 100 pg was 
necessary ‘to maintain a depressed level of eo- 
sinophils during the period of treatment. The 
evidence suggests that a eucorticoid state may 
develop during adaptation to cold. The per- 
missive action of the adrenal gland and its 
relation to the adaptation of rats to a low 
environmental temperature is discussed. 
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Qualitative Analysis of Gel Precipitates with the Aid of Chemical 


Color Reactions. 


BERTIL BJORKLUND. 


(20909) 


(Introduced by Joseph L. Melnick.) 


From the State Laboratory of Bacteriology, and the Department of Virus Research, Caroline Insti- 
tute, Medical School, Stockholm, Sweden. 


In Ouchterlony’s method of immunopre- 
cipitation(6-13) antigen and antibody are 
allowed to diffuse towards each other in an 
agar gel. The result usually is a precipitation 
pattern consisting of a number of lines. In 
principle each line consists of a compound 
formed by a single antigen and its specific an- 
tibodies(1,2,9), which means that a separa- 
tion of the different antigenic components of 
the material has been achieved. If these com- 
ponents after combination with antibody re- 
tain some of their chemical characteristics it 
should be possible to gain valuable informa- 
tion about the chemical nature of the different 
antigens in a complex system by combining 
the gel diffusion method with certain chemical 
and physical methods of analysis. 

In the preliminary experiments here to be 
described, some color reactions were tried. 

Materials and methods. For immunopre- 
cipitation experiments 3 different serological 
systems were used. The first was a diphtheria 
toxin preparation and the corresponding horse 
antiserum(1). The second was a powder of 
rabbit bone marrow prepared by ether extrac- 
tion(2,4) and a mucopolysaccharide fraction 
(4) of the crude material. The corresponding 
hyperimmune serum was obtained from a 
horse immunized during a period of 4 months 
with a total amount of 33 g of the bone-mar- 
row powder(4). The third system consisted 
of purified type specific polysaccharides from 
pneumococcus type II(5) and the corres- 
ponding horse antiserum. All diffusion ex- 
periments were performed by the 2-dimen- 
sional technic in plates of 1.5% agar gel(1). 

Experimental. Equivalent amounts of diph- 
theria toxin and antitoxic serum at concen- 
trations varying from 100 to 700 LfU /ml were 
allowed to diffuse towards each other in a gel 
(Table I). In a parallel experiment 700 
LfU/ml of toxin were diffused against concen- 
trations of antitoxin varying from 100 to 600 
LfU/ml, and 700 LfU/ml antitoxin against 


TABLE I. Arrangement of Gel Diffusion Experi- 
ment with Diphtheria Toxin (Dt) and Anti-toxin 


(At). 

Dt At Dt At Dt At 
700 700 700 600 600 700 
600 600 2 500 500 ie 
500 500 x 400 400 e 
400 400 a3 300 300 44 
300 300 200 2:00. % 
200 200 + 100 100 et 
100 100 
concentrations varying from 100 to 600 


LfU/ml toxin. When the precipitation pat- 
terns were fully developed, the plates were 
washed in physiological saline for 3 days and 
then treated with increasing concentrations of 
ethyl alcohol up to 70%. The plates were 
then placed in a basic fuchsin solution (4 g 
basic fuchsin + 10 ml acetic acid + 1000 ml 
70% ethyl alcohol) for 2 hours, washed again 
in decreasing concentrations of alcohol and 
finally in saline. 

Of the numerous precipitates obtained with 
the diphtherial antigen-antibody system, one 
line had acquired a distinct red color, while 
the other lines were unstained (Fig. 1). The 
site of the colored line as well as that of the 
other lines was dependent upon the relative 


FIG. 1. Stained precipitation spectrum of 100 

LfU/ml of diphtheria toxin and 100 LfU/ml of 

antitoxin, The plate is illuminated obliquely by re- 

flected light from a Hg-lamp. The colored precipi- 

tate does not reflect the light and stands out as a 
distinct dark line. 


QUALITATIVE ANALYSIS OF GEL PRECIPITATES 


concentrations of toxin and antitoxin. With 
equivalent concentrations the site of the lines 
was constant, regardless of the absolute con- 
centrations. The strength of the color varied 
with the concentrations of the reactants. 
These observations indicated that the capacity 
of retaining the dye was associated with one 
particular antigenic component which means 
that the color reaction under these conditions 
was a specific one. 

In the next studies antigens of rabbit bone 
marrow and a purified mucopolysaccharide 
fraction thereof containing 4 distinct antigenic 
components were used. The purified material 
was subjected to paper electrophoresis at pH 7 
(phosphate buffer). After development with 
Mayer’s mucicarmin(15) 4 spots were ob- 
served, 2 brightly red whereas 2 were more 
faintly stained. An unstained filter paper 
from the same run was cut into 7 sections, 
each of which was extracted with distilled 
water and the extract concentrated by lyo- 
philization. The fractions thus obtained were 
dissolved in water and tested in gel plates 
against anti-bone-marrow serum. Precipitates 
were obtained only with fractions correspond- 
ing to the 4 spots. When treated with muci- 
carmin all 4 precipitates stained brightly red. 


Unstained precipitation spectrum of bone- 
marrow. 


FIG. 2. 


An anti-bone-marrow serum and an extract 
of the crude bone-marrow powder were then 
allowed to diffuse towards each other in gel 
plates (Fig. 2). The resulting multiple pre- 


TS 
ion spectrum of bone-marrow. 


FIG. 3. Precipit 
Plate stained with Mayer’s mucicarmin, 
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FIG. 4. Precipitation pattern of type specific 

polysaccharides from pneumococeus type IT (left) 

and the same antigen in mixture with rabbit serum 
protein (right). 


cipitates seen on the photographs were treated 
with mucicarmin. Of the several lines, only 
4 retained the stain, 2 strongly, 2 less so 
(Bigs 3)e 

In the third system studied (Fig 4.) a 
mixture of anti-pneumococcus type II and 
anti-rabbit-serum-protein horse serum in the 
bottom basin (Fig. 4) was diffused against 
pneumococcus type II polysaccharide in the 
left basin and a mixture of pneumococcus type 
II polysaccharide and rabbit serum in the 
right basin. On both sides the pneumococcus 
system gave rise to precipitates which showed 
the reaction of identity. Furthermore, on the 
right side a number of precipitates due to the 
rabbit serum developed. These lines were 
not deflected towards the left indicating that 
they did not correspond to the antigens in the 
left basin. One plate of this kind was treated 
with mucicarmin and another with basic fuch- 
sin. In both cases the precipitation lines 
corresponding to the pneumococcus polysac- 
charide were brightly stained and easily dis- 
tinguished from the rabbit protein lines 
(CEig=<5))% 

Discussion. An antigen will diffuse through 
the gel until it meets the corresponding anti- 
bodies. When these two reactants meet in 
optimal proportions a precipitate will occur. 
On one side of the precipitate, only antigen 
can exist in a free state and on the other side 
only antibody. Antigen, diffusing through the 
precipitate, will suddenly meet the corres- 
ponding antibody and vice versa. In this 
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FIG. 5. Detail of the precipitate of pneumococcus 
type II polysaccharide. The line is stained with 
basic fuchsin. 


way the precipitate is built up progressively 
during the continued diffusion from both 
diffusion centers. The precipitate, however, 
does not seem to hinder the diffusion of other 
components not involved in the reaction, thus 
acting as a selectively semipermeable layer. 

Even if eventually the bulk of the reactive 
antigens and antibody protein will accumulate 
in the precipitates the medium in between will 
probably never be completely exhausted. 
Thus, in the gel surrounding the antigen basin, 
all of the antigenic components will be demon- 
strable in addition to all non-reactive constitu- 
ents of the antigen as well as of the serum 
preparation. Moving from this region towards 
the serum basin one will, on crossing the first 
precipitate line, notice a qualitative change in 
the composition of the medium which beyond 
this line is poorer by the antigen participating 
in the reaction but richer by the particular 
antibody involved. Similar stepwise changes 
will occur each time a precipitate line is 
passed; one antigen will disappear and one 
new antibody will appear (Fig. 6). Conse- 
quently in order to obtain a clean separation 
of the reactive components, one has to remove 
all of the soluble material by washing, leaving 
only the spatially distinct insoluble pre- 
cipitates. 

Although the antibody globulins in the 
precipitates undoubtedly display structural 
differences associated with their immunologi- 
cal specificity, chemical means of detecting 
such differences are not yet available. The 
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antigen components of the precipitates, on the 
other hand, can be expected to show a wide 
variation in chemical characteristics, and a 
demonstration by means of chemical reactions 
of such differences and thereby a differentia- 
tion between the various lines in a precipitate 
spectrum should be feasible once a separation 
of the components has been achieved. The 
simple staining reactions applied in the pres- 
ent experiments were chosen because they 
could be expected to single out components 
of a polysaccharide nature. 


In the experiments described the results 
concerning the diphtherial antigen system 
showed: 1. That one precipitation line was 
selectively stained; 2. the colored line behaved 
as a homogeneous immunoprecipitate. 

The experiments on rabbit bone marrow 
and its mucopolysaccharide fraction demon- 
strated: 1. That the bone-marrow extract con- 
tains among others, 4 antigens which when 
separated electrophoretically, display a char- 
acteristic affinity for mucicarmin. 2. The 
immunoprecipitates of the purified compo- 
nents gave the same staining reactions. 3. 
Finally, among the several lines produced by 
the crude antigen, 4 only were stainable, show- 
ing the characteristics of the purified material. 

The experiments on pneumococcus poly- 
saccharide demonstrate that it is possible to 
detect components of a polysaccharide struc- 
ture in a complex mixture of antigens. 

From these results it may be concluded 
that chemical staining reactions of immuno- 
precipitates afford the possibility of studying 
to a certain extent the chemical nature as well 
as the immunological behavior of antigens in 
complex mixtures. 

As shown by Ouchterlony e¢ al.(7), Pope 
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and his associates(14) and others, prepara- 
tions of diphtheria toxin, by chemical and 
physico-chemical standards considered as 
pure, may display a considerable immunologi- 
cal inhomogeneity when analyzed in gel pre- 
cipitation tests. This fact is probably partly 
explained by the sensitivity of the immuno- 
logical method by which minute traces of 
impurities otherwise not demonstrable can be 
detected. This might not be the whole truth, 
however. According to the reports quoted 
above several major components could be 
distinguished in such presumably pure toxins. 
If so, the selectivity and resolving power of 
immunoprecipitation in gels must obviously 
considerably exceed that of the chemical 
methods. It is tempting, then, to apply the 
former method in attempts to further frac- 
tionate chemically purified, biologically active 
substances. Experiments along these lines are 
in progress. 

Summary. Experiments on 3 immunologi- 
cal systems showed that antigens, when com- 
bined with antibodies in a gel retain their 
affinity for certain dyes. This affords the 
possibility of studying not only the chemical 
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nature of certain antigens, but also their im- 
munological behavior in complex mixtures. 
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Leucocyte and Thymus Changes in the Pyridoxine-Deficient Young and 


Adult Male Rat.* 


(20910) 


Litt1an C. Butrert anp AGNES Fay Morcan. 


From the Home Economics Department, University of California, Berkeley. 


The lymphopenic response is a well estab- 
lished index of the increase of 17-hydroxy- 
steroids in the blood and of lymphoid tissue 
involution. During pyridoxine deficiency 
lymphopenia, usually accompanied by granu- 
locytosis, has been seen in dogs(1,2), rats(2), 
monkeys(3,4), and mice(5). When pyridox- 
ine was administered to pyridoxine-deficient 
animals, the lymphopenia and granulocytosis 
were reversed in some cases(2,5) but not in 


* The authors wish to express their sincere appre- 
ciation to Dr. William O. Reinhardt for his valuable 
counsel. 

+t Public Health Research Fellow of the National 
Institute of Arthritis and Metabolic Diseases. 


others(1,4,2). In adrenalectomized pyridox- 
ine-deficient rodents, involution of the thy- 
mus(6) and lymphopenia(7) have been re- 
ported. These latter phenomena were pre- 
sumably independent of the intermediation of 
the adrenal hormones and were attributed 
specifically to the lack of pyridoxine. Inani- 
tion could also induce thymic atrophy(8,9) 
and lymphopenia(10,11) in the intact animal, 
but these alterations did not occur during in- 
anition in the absence of the adrenals(9,12). 
Some of the above findings were studied in 
this laboratory and have been confirmed. 
Procedure. The total number of leucocytes 
in tail vein blood was counted from duplicate 
pipettes. One smear per animal was stained 
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with Wright’s stain and 200 cells were counted 
for the numbers of granulocytes and lympho- 
cytes. Pair weighed as well as ad libitum 
controls were observed along with the de- 
ficient group in order to detect any changes 
attributable to inanition. Long-Evans strain 
rats were employed in all experiments. Young 
animals at 15 days of age as well as adults at 
105 days of age were used. The diets and 
vitamin supplements were as follows: Diet 
1. 36% casein, 4% hydrogenated vegetable 
oil, 4% salt mix(14), 54% sucrose, 1% B- 
vitamin mixture, and 1% oil soluble vitamin 
mixture. Each kg of diet supplied the fol- 
lowing vitamins: thiamine hydrochloride, 
riboflavin, pyridoxine and folic acid, 2 mg 
each, calcium pantothenate and para-amino- 
benzoic acid, 10 mg each, niacin amide, 6.7 
mg; inositol, 250 mg; biotin, 0.27 mg; choline, 
500 mg; mixed tocopherols, 100 mg; vit. A, 
10000 I.U., and vit. D, 1000 I.U. Diet 2. 
50% casein, 5% hydrogenated vegetable oil, 
4% salt mix(14), and 41% sucrose. Vitamin 
supplement: daily dose of thiamine hydro- 
chloride, riboflavin, pyridoxine and folic acid, 
.02 mg each; calcium pantothenate and para- 
aminobenzoic acid, .10 mg each; niacin amide, 
0.7 mg; inositol, 2.5 mg; biotin, .002 mg, and 
choline, 5.0 mg. Vit. A and D and mixed 
tocopherols were supplied separately in 
amounts of 1000 I.U., 100 I.U., and 3 mg/ 
rat/week Diet 3. 24% casein, 10% hydro- 
genated vegetable oil, 4% salt mix(14), and 
62% sucrose. Vitamins were fed separately 
in the same amounts given with Diet 2. On 
the 15th day of age litters were divided and 
two-thirds of the males were segregated with 
the mothers. Both received Diet 1. The re- 
maining mothers and young were given the 
same ration without pyridoxine. On the 21st 
day of age the young rats were placed in in- 
dividual metabolic cages and were fed Diet 2. 
The vitamin supplement was fed separately 
with pyridoxine omitted from the mixture 
given to.the deficient group. Adult males were 
fed Diet 3. There were 3 groups, deficient, 
pair weighed controls and ad libitum controls. 
The deficient group received 30 mg of desoxy- 
pyridoxine per kg diet and pyridoxine was 
omitted from the vitamin mixture. In a 
second series of 2 groups of adult animals, 
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FIG, 1. Each point represents the mean value of 
8 animals. 


pair weighed and deficient, which had been 
on Diet 3 for 8 weeks, the group which had 
previously served as pair weighed controls, 
were permitted to eat ad libitum and at the 
same time, desoxypyridoxine was omitted 
from the diet of the deficient animals. The 
latter were given 5 times the control group 
level of pyridoxine in their vitamin mixture 
for a period of 2 weeks and the pyridoxine 
level thereafter reduced to the amount re- 
ceived by their controls. The 2 groups in 
the second series were thus restored to full 
feeding and vitamin adequacy. 

Results. An absolute lymphopenia (p = 
.O1) of equal magnitude in young pyridoxine- 
deficient rats and pair weighed controls oc- 
curred from the 4th and 3rd weeks respec- 
tively through the 9th week (Fig. 1). A less 
marked but comparable lymphopenia (p = 
.03 to .05) was also seen in similar groups 
of adult animals during the 7th and 8th weeks 
on the depletion regimen (Table I). The 
absolute numbers of lymphocytes in the 
young and adult ad libitum groups remained 
constant throughout the experimental period 
(Fig. 1, Table I). 

An absolute increase of the number of 
granulocytes (p = .01) appeared in the young 
(Fig. 2) and adult (Table I) pyridoxine- 
deficient rats as compared with the respective 
pair weighed controls only at the termination 
of the experimental periods. In the adult 
(Table I) and young (Fig. 2) ad libitum 
groups the circulating levels of these cells did 
not fluctuate significantly at any time. 

Thymus weights (Table II) were much less 
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TABLE I. Leneoeyte Counts of Adult Pyridoxine-Deficient, Pair Weighed and Normal Control* 
Rats during Depletion and after Replacement of the Vitamin and Full Feeding. 


No. of Weeks Lymphocytes/mm* 10% Granulocytes/mm* & 108 

Treatment rats on diet Deficient Pair weighed Deficient Pair weighed 
Depletion 8 7 68+ .9 6.56.6 eee: 28+ 3 
7 8 6.4 + 1.2 Se G5) 6.0 + 1.7 2:0) =D 
Replacement ff 1 8.1+ 1.0 9.3 + 1.3 45+ 5 Orono 
7 2 UBs= de 8.4 .9 25+ 3 3.2 + 2 
7 3 84+ 9 Wise 2 2.4-- (4 Zlatan: 
7 + 7.9 + 1.0 Ghiae 3) 24+ 4 Ze lictone 
7 7 8.8 + 1.3 Vode A 3. Ob=te 2.0 ene 

* Values for normal ad libitwm controls in 7th week were: lymphocytes, 9.0 + .9 10°, 


granulocytes, 2.7 + .2 x 10°. 


in young and adult pyridoxine-deficient rats 
than in their respective pair weighed controls 
(p = .01), but thymus weights of both these 
groups were much less (p = .O1) than were 
those of their ad libitum controls. Minimum 
thymus weights occurred at 5 weeks in the 
young deficient and pair weighed animals 
after which there was no further decrease. 

When pyridoxine was administered to the 
adult deficient rats and the pair weighed ani- 
mals were allowed free access to food, the total 
numbers of lymphocytes and granulocytes 
(Table I) were restored to normal values 
within 2 weeks and the thymus weights 
(Table II) by the 7th week. 

Discussion. Dougherty and White(8,9) 
concluded that the granulocytes were not con- 
trolled by the adrenal or adrenocorticotrophic 
hormones. The present results suggest that 
pyridoxine may be one of the factors regulat- 
ing the rate of production, delivery or removal 
of the granulocytes. 

The leucocyte and thymus changes which 
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occurred in the deficient adult animals did not 
result from a moribund condition or perma- 
nent damage to lymphopoiesis. Clearly, pyri- 
doxine deficiency had a specific effect upon 
involution of the thymus in addition to any 
effect resulting from inanition. 


While there was a significant difference be- 
tween thymus weights in the deficient and pair 
weighed groups, lymphopenia of the same de- 
gree occurred in both groups. There is no 
evidence, therefore, that pyridoxine deficiency 
was responsible for the lymphopenia in any 
of the animals. The lymphopenia in the 
emaciated pyridoxine-deficient animals was no 
greater than that caused by inanition alone. 
The lymphopenia in the deficient animals ap- 
pears to have been initiated exclusively by 
inanition, possibly by augmented secretion of 
17-hydroxyketosteroid hormones by the ad- 
renal in a stress situation. 


Supporting evidence for an increased output 
of adrenal hormones in similar groups of ani- 
mals has been reported by us(13); an equally 
depressed circulating eosinophil level was 
found in young and adult deficient rats and 
their respective pair weighed controls. Fur- 
thermore, an unimpaired adrenal function in 
the pyridoxine-deficient and pair weighed 
adult animals as measured by eosinopenia was 
demonstrated(15). The possibility, however, 
that the lack of pyridoxine may have an ad- 
ditional, direct role in the production of lym- 
phopenia is not excluded by the present 
evidence. 

Summary. Specific involution of the thy- 
mus resulted from pyridoxine deficiency in 
rats and could be distinguished from the 
atrophy resulting from inanition alone. In- 


444 


ADMINISTRATION OF STREPTOCOCCAL HyALURONIC ACID 


TABLE II. Thymus Weights of Young and Adult Pyridoxine-Deficient Pair Weighed and Normal Rats. 
nnn SEER eee ee eee ee eee SS — —— a 


Ad libitum normal Pair weighed normal Deficient 
Z =—a\ Ua a Tei) 
Weeks No. of Wt of No. of Wt of No. of Wt of 
Series Treatment on diet rats thymus, mg rats thymus, mg rats thymus, mg 
Young Depletion 5 11 | 398 +26 1ob> S25 80 9 Reena 
Adults I is 9 5 309 = 22 5 104 + 12 5 30+ 3 
‘ 8 10 190 == 7, 10 ae Y 10 38+ 4 
Adults II Replacement es i 205 + 13 7 218 + 12 


anition induced lymphopenia of the same de- 
gree in young and adult pyridoxine-deficient 
animals and their respective pair weighed con- 
trols. Granulocytosis occurred only in the 
pyridoxine-deficient young and adult animals. 
All blood and thymus changes were rapidly 
restored to normal following realimentation of 
the deficient and pair weighed adult animals. 
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Effect of Streptococcal Hyaluronic Acid (SHA) in Mice, Rats, Rabbits 


and Dogs. 


(20911) 


JOSEPH SEIFTER, DAvip H. BAEDER, AND WILLIAM J. BECKFIELD. 


From the Wyeth Institute of Applied Biochemistry and the Graduate School of Medicine, 
University of Pennsylvania, Philadelphia. 


There are no published data on the toxi- 
cological effects of hyaluronic acid prepared 
from pathogenic bacteria, although patholog- 
ical changes in tissues of the host have been 
attributed to the hyaluronic acid produced by 
invading organisms(1,4). 

Materials and methods. The sodium salt 
of SHA was prepared by Dr. George H. 
Warren from a virulent strain of Streptococ- 
cus pyogenes, Group A Type 9 (T9/63/3) 
obtained from the Hospital of the Rockefeller 


Institute. It contained 3.67% N, and was 
free from S, P, and halogen. All solutions of 
SHA for injection were prepared with physio- 
logical salt solution. Autopsies were per- 
formed on all the animals listed in Table I, 
and on a similar number of controls. Sec- 
tions of heart, lung, liver, kidney, spleen, thy- 
roid, adrenal, pituitary, thymus, bone marrow, 
pancreas, salivary gland and lymph node from 
all animals were prepared for microscopic 
study. In addition, brain and aorta from 
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TABLE I. 
Toxicity of Streptococcal Sodium Hyaluronate. 
Dose, 
Species mg/kg Route No. Deaths 
Rat 150 Vi 28 0 in 10 days 
10/day ine 14 Oafter 13 inj. 
Mouse 10 IV 10 0 in 10 days 
100 0 
125 0 
160 0 
200 0 
250 0 
320 0 
400 0 
500 0 
630 0 
800 0 
1000 IV 10 0 in 10 days 
10/day IV 20 0 after 14 inj. 
150/day iUP 20 0 wdem 
Dog 10 IV 4 (0in10 days 
Rabbit 5 IV 14 1in 14 days 
100/day IV 7 0 after 14 inj. 
25 1ue 16 0 21 
8 IV 9 0 28 
8 JENA 9 0 42 


some of the animals were also included. The 
sections were stained with hematoxylin and 
eosin, trichrome stain and the combined poly- 
saccharide stain of Ritter and Oleson(2). 
Pituitary was stained with aniline blue and 
bone marrow with Giemsa stain. The body 
weight of the dogs was recorded daily and that 
of the rabbits weekly. Seven rabbits received 
intravenously 100 mg SHA/kg daily for 14 
days and were catheterized at 8 A.M. on days 
0, 0’, 3, 7, and 14. The urine specimens were 
analyzed for glucosamine content(3). 


Results. The non-toxicity of SHA is evi- 
dent from the data contained in Table I. 
Most of the animals received amounts of SHA 
far in excess of that which would be released 
in a massive septicemia with Streptococcus 
pyogenes. The weight of the heart, lungs, 
liver, kidneys, spleen, thyroid, adrenals, pitui- 
tary and thymus were not significantly dif- 
ferent from the weights of these organs ob- 
tained from the control animals. The veins 
used for multiple injections showed no evi- 
dence of gross inflammatory changes or 
thrombosis when proper injection technic was 
employed. Animals that received multiple 
doses by intraperitoneal injection showed no 
residue of unabsorbed material, nor were there 
signs of gross peritoneal inflammation or irri- 
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tation. On gross examination of the viscera, 
abnormalities other than those common to 
laboratory animals were not noted. Thymus 
weights showed some decrease and adrenal 
weights an increase in animals that received 
daily intravenous injections of 100 to 150 mg 
SHA/kg. 

Only the animals that received daily intra- 
venous injections of 100 to 150 mg SHA/kg 
showed significant microscopic changes; these 
consisted of lymphoid atrophy in the thymus 
and depression of spermatogenesis character- 
istic of the alarm reaction. In none of the 
animals was there evidence of injury to the 
parenchyma of the liver, kidney or other or- 
gans, or to the ground substance, fibres or 
cells of the mesenchyme. There was no sig- 
nificant storage of injected polysaccharide by 
the macrophages of the liver, spleen or lymph 
nodes, or in the free phagocytic cells. Gran- 
ules in these cells were stained by the iron- 
ferrocyanide reaction in some of the animals 
that received 150 mg SHA/kg but the inci- 
dence and intensity was no greater than that 
seen in the untreated controls. 


In the rabbits that received daily intraven- 
ous injections of SHA, the glucosamine con- 
tent of the 8 A.M. urine specimen obtained 
by catheterization on 2 consecutive days rose 
from a mean pretreatment level of 18 mg % 
S53 96. -(9,19.) tOe7 2: tor 94 me <9 Va O07 
(S.D.) on the 3rd, 7th and 14th day of treat- 
ment; this indicated that a considerable por- 
tion of the injected SHA was excreted as free 
glucosamine or as unchanged polymer. 


Summary. Sodium hyaluronate prepared 
from a virulent strain of Streptococcus 
pyogenes was injected intravenously and in- 
traperitoneally into mice, rats, rabbits and 
dogs. Single injections up to 1 g/kg body 
weight and repeated daily injections up to 
100 mg/kg for periods of 10 to 42 consecutive 
days failed to produce pathological changes 
in the tissues. There was no evidence that 
this material was stored and it appeared to 
be either metabolized or excreted in the urine. 


Addendum. A paper by Di F. Tinacci and 
G. Benassi (Arch. Sci. biol., 1953, v37, 114) 
has recently become available. These authors 
studied the fate of injected hyaluronic acid 
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and chondroitin sulfate in a small series of 
rats and rabbits. They used purified hyalu- 
ronate prepared from human umbilical cord 
but did not give any analysis for the degree of 
purity. They administered only single doses 
which were much smaller than the large doses 
which we used. Their findings were essentially 
the same as ours with the exception that there 
may have been an antigenic response in their 
animals. In our study there were no signs of 
antigenic response in the tissues nor could we 
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detect antibodies to hyaluronate in the blood 
of our animals. 


1. Kass, E. H., and Seastone, C. V., J. Exp. Med., 
1944, v79, 319. 

2. Ritter, H. B., and Oleson, J. J.. Am. J. Path., 
1950, v26, 639. 

3. West, R., and Clarke, D. H., J. Clin. Inv., 1938, 
sili, BIG Si 

4. Dorfman, A., Ann. N. Y. Acad. Sci., 1950, v52, 
1098. 
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Early studies on the metabolism of cre- 
atinine revealed that the daily urinary excre- 
tion was remarkably constant for a given 
individual(1). It was hoped that if this were 
the case at varying levels of function, estab- 
lishment of this constant value for urinary 
creatinine would allow for its subsequent re- 
placement by k in the conventional clearance 
equation, C = UV/P.t Rewriting the equa- 
tion C = k/P would then permit an approxi- 
mate estimation of C, adequate for clinical 
purposes, by the single determination of P. 
The studies to be reported revealed that UV 
decreased gradually as P increased in renal 
failure, and therefore UV could not be re- 
placed by a constant. Attempts to determine 
the mechanism of this decrease are described. 

Methods and materials. The Brod and 
Sirota(2) modification of the Bonsnes and 
Taussky(3) method was used for the deter- 
mination of serum and urine creatinine. A 
modification of this method was used to de- 


* This work was supported in part by a grant-in- 
aid from the U. S. Public Health Service; and the 
Riker Laboratories, Inc., Los Angeles, Calif. 

t+ Where C is clearance in ml/unit time, U_ is 
urinary concentration of creatinine in mg/ml, V is 
urine volume/unit time, and P is plasma concen- 
tration of creatinine in mg/m. 


termine the urine creatine. Fecal creatinine 
was determined by the method of Williams 
and Dick(4). All patients were males. 
Twenty-four hour urine collections were made 
on patients with chronic renal disease and on 
normal controls. Patients with acute renal 
disease may have rapidly changing serum 
and urine creatinine values, and were ex- 
cluded. It was believed that the creatinine 
recovered from these patients would be af- 
fected by rapid changes in renal function, 
and would not always represent the actual 
24-hour excretory requirement. 

Observations. Table I summarizes the re- 
lationship of the serum creatinine values to 
the amount of creatinine excreted into the 
urine. Calculation of the relationship of the 
individual urine creatinine values (y) to the 
related serum creatinine values (x) by the 
method of least squares revealed a regression 
with the equation y = 1.35—0.042x. Appli- 
cation of Student’s distribution(5) indicated 
that the p value for zero slope was less than 
0.01. It therefore is apparent that there 
is a significant decrease in urinary creatinine 
as the serum creatinine increases. To our 
knowledge the only previous reference to this 
observation was made by Steinitz and Tiir- 
kand(6), who reported that the product of 
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TABLE I. Relationship of Serum to Urine Creatinine. 


Range of serum Avg serum 


creatinine, creatinine, Avg urine ere- Avg clearance, 
mg/100 ml mg/100 ml atinine, g/day Stand. dev. ml/min. No. of cases 
(P) (UV) (C) 
0-2 1.16 1.32 42 85.1 85 
2-4 2.95 1.20 43 29.9 29 
4-6 4.84 Neda AT 16.5 aly 
6 up 10.37 


88 


38 6.4 22 


the creatinine clearance value times the serum 
creatinine value is constant (implying con- 
stant excretion) until the value of 6 mg % 
creatinine is reached. A group of 9 patients 
with higher serum creatinine values were 
found to have a much smaller product. Lipp- 
man(7) also has made this observation and 
therefore uses the creatinine clearance rather 
than the serum creatinine alone as a measure 
of renal function and a guide to prognosis. 
The data of Table II demonstrate that in the 
individual patient the urinary creatinine ex- 
cretion decreases as renal failure progresses 
and that the trend shown in Table I is not 
due to a peculiar selection of patients. 
There is no evidence that the retention of 
the excess creatinine within the body is suf- 
ficient to account for the difference observed. 
A decrease in excretion of 400 mg per day at 
a serum creatinine level of 10 mg % 
should cause a daily rise of 0.8 mg % 
if the creatinine is equally dispersed through 
an average of 50 liters of body water. This 
does not occur except in extreme anuria or 
oliguria. Therefore, the explanation must lie 
either in a decreased rate of creatinine pro- 


TABLE IT. Decrease in Urine Creatinine Excre- 
tion as Renal Failure Progresses in Individual 


Patients. 
Serum Urine 
creatinine, creatinine, Clearance, 
Patient mg/100 ml g/day ml/min. 
(P) (UV) (C) 
E £36 1.86 20.4 
19.0 202 1.91 
ae 4.7 isi 19.5 
6.9 ENG Males 
Hd 2.8 1.68 42.0 
10.8 AAAs) Us 
M ffi 1.68 18.9 
11.5 99 6.0 
O 4.2 .93 14.7 
10.2 D8) 3.4 


duction or in an alternative route of excretion. 

Earlier investigators have claimed a direct 
relationship between creatinine production 
and total muscle mass. However, most of the 
patients studied had lost little weight until 
just before death, and the decrease in muscle 
mass did not appear proportionate to the de- 
creased creatinine production. The high level 
of creatinine may inhibit release of creatine 
from the muscle or its further conversion to 
creatinine. The elevation of the serum cre- 
atine level in renal failure which was dem- 
onstrated by Behre and Benedict(8) could 
account for only a small fraction of the 
missing creatinine by the same calculations 
that showed the elevation in serum creatinine 
was inadequate. The data of Table III indi- 


TABLE III. Creatine Exeretion in Advanced 


Renal Failure. 


Serum Urine Urine 
creatinine, creatinine, creatine, 
Patient mg/100 ml g/24 hr g/24 hr 
12 14.0 63 O17 
12 14.8 54 026 
K 16.4 24 00% 
B 4.0 .63 014 
WwW 10.2 70 .023 
1B 6.4 74 -023 
S 12.0 42 .013 


cate that creatine excretion is not significantly 
increased in uremia. Glycocyamine, a pre- 
cursor of creatine, gives a color reaction in 
the same procedure, and may contribute to 
the reported creatine. 

Alternative routes of creatinine excretion 
include the stool, skin and lungs. Uremia 
does not appear to increase fecal creatinine 
excretion (Table IV). The recoveries which 
were obtained were within the same range as 
those of Williams and Dick(4) and were 
rather insignificant in absolute amount. Ex- 
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TABLE IV. Daily Fecal Creatinine Excretion. 
Creatinine Serum 
excretion, creatinine, 
Patient Diagnosis mg/day mg/100 ml 
K — Hypogonadism 3.88 84 
2.41 
5.05 
D Hodgkin’s disease 6.16 82 
3.57 
5.06 
M Hemochromatosis 5.68 1.2 
11.24 
Vv Nephrosis 21.7 1.3 
22.9 
IP Pyelonephritis 10.72 11.8 
7.15 
G Chronic glomer- 10.41 27.8 
ulonephritis 5.32 
B i ike 4.8 


cretion of creatinine through the skin and 
lungs by insensible fluid loss probably can be 
discounted. Bass and Dobalian(9) have dem- 
onstrated a fairly large amount of creatinine 
and non-creatinine chromogen in the normal 
sweat, which may be significant in uremia, 
should actual sweating be sufficient in volume. 
Several of these possibilities merit further 
study. 

Summary and conclusions. 1. The urinary 
excretion of creatinine decreases as the filtra- 
tion rate falls and the serum creatinine rises 
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in chronic renal failure. This is especially 
apparent when the serum creatinine exceeds 
6 mg/100 ml. 2. This decrease is due to 
either a reduced rate of creatinine production 
or an alternate excretory pathway. The 
muscle mass is not significantly decreased, 
and therefore should not account entirely for 
decreased production. Alternative excretion 
in the urine as creatine, or in the feces as 
creatinine is excluded by the data presented. 
Other possible mechanisms are suggested, 
but have not been studied. 
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University School of Medicine, St. Louis, Mo. 


In the course of investigations on the skele- 
tal effects of thyroid deficiency in various 
strains of mice, an unusual joint disease not 
seen in untreated animals(1) was observed in 
DBA mice made “athyroid” by administra- 
Lonmety lis 


Material and methods. One hundred and 


* The investigation was supported by grants from 
the National Institute of Arthritis and Metabolic Dis- 
eases of the National Institutes of Health, Public 
Health Service, and from the American Cancer 
Society on Recommendation of the Committee on 
Growth, National Research Council. 


thirty-four mice (66 males and 68 females) 
of the closely inbred strain DBA raised in 
our laboratory and kept on a stock diet of 
Purina Laboratory Chow and water ad libi- 
tum were used. At the age of one month, the 
animals received a single dose of 200 pc of 
I'*! corresponding to about 20 pc/g body 
weight. Most animals were sacrificed at the 
ages of 6, 8, or 12 months (age Group I), and 
of 15 and 18 months (age Group IT); some 
died prematurely or were killed because of 
symptoms caused by hypophyseal tumors in- 
duced by the isotope(2). At necropsy, the 
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hypophyses were measured and some were 
fixed for sectioning. The thyroid region was 
inspected and in the few animals in which 
no hypophyseal enlargement was noted ex- 
amined microscopically for remnants of thy- 
roid tissue. The legs including the knee- 
joints were prepared for microscopic studies 
as described previously(1). The sections 
were stained with hematoxylin and eosin and, 
if desirable, with PAS. 

Observations. Microscopic examination. 
Slight articular changes consisted of swelling 
of the cartilage of the menisci which contained 
increased amounts of Schiff positive material, 
but failed to undergo ossification. The liga- 
ments were loosened, became markedly Schiff 
positive, and the cells assumed cartilage-like 
appearance. The synovialis was edematous 
and hyperplastic. Advanced articular changes 
were characterized by involvement of the ar- 
ticular surface and the epiphyseal bonemar- 
row: The cartilage cells were slightly hyper- 
plastic and hypertrophic, the ligaments were 
thickened and hyalinized obliterating the ar- 
ticular cavity. The proliferating synovialis 
penetrated into the bonemarrow and under- 
went fibrosis (photomicrographs 1 and 2). 
These lesions were frequently associated with 
flattening and distortion of the epiphyses. 

Investigations dealing with the effects of 
thyroid deficiency induced by I'*! have to 
take into account the presence of hypophyseal 


Sections through the kneejoints of male mice of 
strain DBA, 8 mo of age. X20. 
FIG. 1. Untreated animal. The joints show the 
usual architecture, the meniscus (triangle at left) 
is ossified. 


pe SN 

FIG. 2. Animal treated with I, The joint cavity 

is obliterated by thickened and degenerated liga- 

ments, the epiphyses are flattened and distorted. 

The meniscus at left is ill defined, not ossified, and 

consists of a mass of hypertrophic and degenerat- 
ing cartilage. 


tumors arising under these conditions. In 
Table I, the findings in both, hypophyses and 
joints, are given, the symbols (++) and + 
denoting enlargement of the hypophyses up 
to 2 mm in diameter or hypophyseal tumors 
respectively. In Table II, the conditions in 
the hypophyses have been correlated to the 
presence of advanced joint disease or the 
absence of articular lesions. In Table III, 
the findings in the joints are correlated to the 
presence or absence of hypophyseal tumors, 
the symbols (+) and + denoting slight or 
advanced joint disease respectively. 


Incidences of articular findings. 90.5% 
of the males of age Group I had joint disease 
(Table I). In mice of age Group II, neither 
the percentage nor the severity of the articular 
lesions were materially increased beyond con- 
ditions seen in the younger age group. In 
females, the joint disease set in at a later age 
than in males, but in age Group II the number 
of females and males showing articular lesions 
was similar. Still, the total incidence of joint 
disease was lower in females than in males 
indicating decreased susceptibility of the 
former. In addition, advanced articular 
changes were less frequent in females than in 
males. 
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TABLE I. Incidences and Grades of Hypophyseal and Articular Changes in Various Groups 
of Mice Treated with I. 


————Joint disease——_,, 

Advanced 
Mean age Findings in Total cases 
No. of at death, hypophyses* incidence % of 
Age, mo Sex mice mo 0 (+) + No. % No. total 
7-12 ang ale 9.4 Gi; 60 ceo nS Gems qi eee 
ce) 27 8.9 10 8 9 10 37.1 2 7.2 

13-18 3 45 15.0 12 5 28 43 95.6 16 35.6 
Q 41 13.9 3 2 36 36 87.8 15 36.6 

All ages 3 66 13.2 18 iti! 37 62 93.9 23 34.8 
fe) 68 12.5 13 10 45 46 67.7 iY 25.0 


* 0, No enlargement. (+), Slight enlargement to 2 mm diameter. +, Tumor. 


Correlation of articular and hypophyseal 
changes. There was, in males, a striking posi- 
tive correlation between hypophyseal neo- 
plasms and joint disease. In females this 
correlation was less conspicuous (Tables II 
and III). Whereas most females with ad- 
vanced articular changes had hypophyseal 
tumors, the reverse was not true. Only a 
fraction of females with hypophyseal neo- 
plasms also showed joint disease. 

Discussion. The joint disease observed in 
DBA mice treated with I'*? does not occur in 
untreated animals(1). It may, therefore, be 
attributed to the hypothyroid state as such or 
to some associated endocrine dysfunction, or 
to both. The latter two possibilities cannot be 
ruled out, since hypophyseal tumors induced 
by I?*! secrete large amounts of thyrotrophin 
(3). In view of the positive correlation be- 
tween articular lesions and hypophyseal neo- 
plasms in males thyrotrophin given off by the 
hypophyseal tumors may play a role in the 
pathogenesis of the joint disorder. Sex dif- 
ferences in the incidence of articular lesions 
exist regardless of the fact that hypophyseal 
neoplasms were as frequent in males as in 
females. The decreased susceptibility of the 


TABLE II. Findings in Hypophyses of Mice with 
Advanced and without Joint Disease. 


Mice free of 
joint disease 


Mice showing ad- 
vanced joint disease 


mn We ay! 

Findings in Findings in 
Total hypophyses* Total hypophyses* 
Sex No. O (+) + No. O (+) + 
eo 4 Sane 5) eee ante eo aeeer On 
Q 17 2 i §) 


0 pre 15) 22 1 


* 0, No enlargement. (+), Slight enlargement 
to 2 mm diameter. +, Tumor. 


female to the articular changes suggest an 
inhibiting role played by the ovaries. The 
latter may be stimulated to increased pro- 
duction of estrogen by the gonadotrophins 
reported to be secreted by the hypophyseal 
tumors (4). 


TABLE III. Findings in the Joints of Mice with 
Hypophyseal Tumors and Grossly Unchanged Hy- 
pophyses. 


Mice with un- 
changed hypophyses 


Mice with 
hypophyseal tumors 


Lh ak 

Findings Findings 

Total in joints* Total in joints* 
Sex No. OE Gee Sr No. Oo (+) + 
a 37 OL 10 18 cigar med ee 
2 45 dA ie 22 hes ala} is} 7 4 2 
*0, No change. (-++), Shght joint disease. 


+, Advanced joint disease. 


Summary. In DBA mice “thyroidecto- 
mized” with I’*!, articular lesions were ob- 
served which differ from the degenerative 
joint disease occurring spontaneously in aging 
mice. Males were more susceptible to the 
joint disease than females. In males, there 
was a strong positive correlation between the 
incidence of hypophyseal tumors induced by 
the isotope and the incidence of articular 
lesions, while in females this correlation was 
less obvious. 


1. Silberberg, M., and Silberberg, R., Arch. Pathol, 
1950, v50, 828. 

2. Gorbman, A., Proc. Soc. Exp. Biot. anp MED., 
1949, v71, 237. 
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Effect of Diets High in Fat or Protein on Vitamin B,. Deficiency in Non- 


depleted Chick. 
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From the Laboratory of Biochemistry and Nutrition, National Institutes of Health, Public Health 
Service, U. S. Department of Health, Education and Welfare, Bethesda, Md. 


Investigations on vit. Bys in experimental 
animals have been hindered by the difficulty 
experienced in producing a clear-cut deficiency 
of the vitamin. In studies with chicks, most 
workers have achieved this end through use 
of second generation depleted birds or use of 
thyroid-active substances(1-3). Attempts to 
enhance the severity of the vit. By. deficiency 
by dietary means have been successful to 
varying degrees. Schaefer, Salmon, and 
Strength(4) obtained marked growth stimula- 
tion of non-depleted chicks when vit. By» 
was added to a diet low in methionine and 
choline, which contained 19% lard. The 
effect of varying the level of lard upon the 
vit. By. deficiency was not studied. Hill and 
Branion(5) obtained a greater growth re- 
sponse with vit. By. when 5% corn oil and 
10% sodium proteinate were both added to 
an all-vegetable diet than when either was 
added alone or when both were omitted from 
the basal diet. Depression of growth in the 
absence of vit. Biz with 1 to 4% glycine, 
4% leucine, or 6 to 8% zein has been reported 
(6,7). This effect was overcome with vit. 
Bis, thus increasing the measurable response 
attributable to the vitamin. 

The present study was concerned with the 
development of diets for production of a vit. 
By» deficiency in non-depleted chicks. 

Procedure. Female New Hampshire chicks, 
the progeny of hens fed a standard breeder 


diet, were obtained from commercial hatch- 
eries. The day-old chicks, which weighed 35 
to 40 g, were distributed equally by weight 
into groups of 6 chicks each. They were kept 
in electrically heated batteries with screen 
wire floors. Feed and water were supplied 
ad libitum. The chicks were maintained on 
the experimental diet for a 4-week period. 
The principal diet used, diet C8, had the fol- 
lowing composition per kg: soybean oil meal 
350 g, ground yellow corn 575 g, glucose 
10 g (containing riboflavin 8 mg, and vit. 
By 0.10 mg), corn oil 5 g (containing vit. 
D; 0.02 mg), and chick salts A(8) 60 g. 
This diet contained approximately 20% pro- 
tein and 2.5 to 4% fat, by calculation. Both 
solvent and expeller types of soybean oil meal 
were used with comparable results. Other 
vitamins known to be required by the chick 
were supplied in at least minimal quantities 
by the corn or soybean oil meal, since growth 
on the complete basal diet was similar to that 
obtained with a stock diet. Additions to the 
diet were made at the expense of corn. Diet 
C8A, which contained only 0.4% fat, was used 
in one experiment. The corn was extracted 
continuously for 8 hours with petroleum ether 
and solvent extracted soybean oil meal was 
used. The 0.5% corn oil was omitted and the 
fat-soluble vitamins were added in alcoholic 
solutions in the following quantities per kg of 
diet: vit. A acetate 3 mg, vit. D3; 0.02 mg, 


TABLE I. Effect of Imbalanced Diets upon Production of Vit. By. Deficiency in Non-Depleted 
Chicks (6 Chicks Started per Experimental Group). 


No. of 4 wk wt (g), S.E., and mortality Wt differ- 

Modifications of Diet C8 expts. 0 mg By .l mg By ence (g) 
None a 285 —:- 7 (4) 343 42° 7) DSe 
20% hydrogenated vegetable oil 4 184+14 (0) 301412 (0) a tlie 

” dard 4 152410 (4) 289412 (1) 137* 

” sodium proteinate 2 191+11 (4) 2874 9 (0) 96* 

7 Zein il 156+ 8 (3) 2222415 (0) 66* 

”  Cerelose 1 284-422 (1) 301414 (0) 17 
Minus 20% corn 2 (1) 294+ 10 (0) —22 


316+ 13 


* Significant at 1% level. 
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a-tocopherol acetate 10 mg, 2-methyl-1,4- 
naphthoquinone 1 mg. 

Results. The effect of the all-vegetable diet 
and various modifications upon chick growth 
in the presence and absence of vit. By. can be 
seen from the data presented in Table I. 
When all 7 experiments on basal diet C8 were 
considered together, the omission of vit. Bi 
from the corn-soybean oil meal diet resulted 
in a highly significant depression of growth 
as indicated by the “t”’ test of Fisher(9). In 
only 4 of the 7 experiments, however, was the 
difference within each individual experiment 
significant. 

When either hydrogenated vegetable oil* or 
lard was added to the corn-soybean oil meal 
diet, a significant depression of growth in the 
absence of vit. By. was obtained in every ex- 
periment. The 2 fats appeared to be similar 
in this regard. The difference in growth be- 
tween chicks supplemented with vit. Bis 
and unsupplemented birds was considerably 
greater in the presence of 20% fat than in 
chicks fed diet C8. 


The addition of 20% protein to the basal 
diet had a less consistent effect with regard 
to vit. By. than was observed with the high 
fat diets. The effectiveness of high vegetable 
protein in increasing the severity of the vit. 
Bye deficiency is also evident from the high 
mortality with sodium proteinate and zein in 
the absence of vit. Bj. as contrasted with the 
good survival in the control groups. These 
data support the observations of others that 
diets high in protein appear to increase the 
need for vit. By2 by rats(10), mice(11), and 
chicks(12,5,7)). 

In the presence of vit. By2, addition of 
either 20% fat or 20% protein resulted in 
poorer growth than that obtained with basal 
diet C8. These imbalanced diets may have 
increased the chick’s requirement for some 
nutrients above the levels which possibly were 
already marginal in some instances in these 
diets. It was desirable to keep at minimal 
levels those nutrients, such as methionine and 
choline, which are known to spare vit. Byo 
(as reviewed by Briggs(13)), so that the 


xperimental Group). 


* 
v 


Effect of Fat Level of Diet with and without Vit. B,. upon 4 Wk Wt of Chicks (6 Chicks Started per I 


TABLE II. 


Exp. 2 


-—_——Hxp. 1 
-lmg By 


Omg By 


Diet and additions 


on 


fo) 


fo} ) 


Bi» DEFICIENCY IN NON-DEPLETED CHICK 


269 317 48* 


50 


329 
336 
330 


279 


(basal) 


C8 


41 


295 
259 


C8A (fat-low) 


71 


C8 + 10% hydrogenated vegetable oil 


” 


C8A + 4% corn oil 


178 


152t 


) 
301 


151 
149 


* Significant at 5% level as determined by ‘‘t’’ test of Fisher. 


| Significant at 1% level. 
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presence and absence of vit. By. would be 
obtained. These aspects of the problem are 
being investigated further. 

When 20% Cerelose (crude glucose) was 
substituted for the corn or when 20% corn 
was omitted from the diet and not replaced 
with another substance, good growth resulted 
which was similar in the presence and absence 
of vit. Bi2. Therefore, the effect of substitut- 
ing either protein or fat for 20% corn in de- 
pressing growth in the absence of vit. By» is 
believed to be due to the added constituent 
and not to the lowered amount of corn or to 
the altered proportion of soybean oil meal to 
corn. 

The effect of various fat levels up to 44% 
upon growth of vit. Bys-deficient chicks is 
shown by data presented in Table II. In 
Exp. 1 growth of chicks fed the fat-low diet 
C8A and C8A plus 4% corn oil was com- 
parable to that of control groups receiving C8. 
With none of these diets was the difference 
in growth attributable to vit. By». statistically 
significant. In Exp. 2 the 20% level of 
hydrogenated vegetable oil was more effective 
than the 10% level in production of a vit. Bis 
deficiency. Also, in this experiment the 
effect of the lard was somewhat greater than 
that of the hydrogenated vegetable oil. The 
addition of either 30 or 40% lard to the all- 
vegetable diet, which already contained 4% 
fat, resulted in poor growth (Exp. 3). Im- 
proved growth was still obtained with vit. Bio, 
but this effect was less than that obtained 
with the 20% level of lard. 

The relationship of fat to vit. By2 observed 
in this study is quite different from that re- 
ported for other species. Bosshardt, Paul, 
and Barnes(11) found that lowering dietary 
fat to 0.5% increased the difference in growth 
between groups of mice with and without vit. 
Bio. Growth in the absence of vit. By2 im- 
proved with increasing level of fat until the 
2 groups grew the same with diets containing 
40% fat. McCollum and Chow(14) similarly 
were able to produce a better vit. Bis de- 
ficiency in rats fed diets low in fat. 
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The effect of the imbalanced diets used in 
this study to depress growth of chicks de- 
prived of vit. By. is important in that a de- 
ficient animal may be easily produced for 
study of the vitamin. Also, this effect of high 
dietary fat suggests that vit. By. may be in- 
volved in some manner in the metabolism of 
this nutrient. 


Summary. A severe vit. By deficiency, as 
indicated by poor growth, was produced by 
dietary means in non-depleted chicks. Re- 
placing 20% of the corn in an all-vegetable 
corn-soybean oil meal diet with 20% fat in- 
creased the weight difference between chicks 
receiving vit. By: and the unsupplemented 
birds. A less striking effect was obtained with 
20% vegetable protein. 
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Infection of Mice with Types I and III Poliomyelitis Virus Following 


Intracerebral Inoculation. 


N. F. Stantey, D. C. DoRMAN, AND JOAN PONSFORD. 


(20915) 


(Introduced by G. Dalldorf.) 


From the Institute of Epidemiology and Preventive Medicine at The Prince Henry Hospital, 
Sydney, N. S. W. 


Li and Habel(1) recently described the 
adaptation of type III (Leon strain) polio- 
myelitis to mice, following intraspinal inocula- 
tion. Subsequently Li and Schaeffer(2) re- 
ported the successful adaptation of type I 
(Mahoney strain) poliomyelitis virus to mice 
employing a similar technic. They reported 
that rodents could be successfully infected 
only by the intraspinal route and failed to 
infect animals by the intracerebral route. 
The same authors claim in a more recent 
paper(3), that with the Leon strain they “can 
now occasionally infect mice by the intra- 
cerebral route.” 

It is the purpose of this communication to 
describe the results of further passage of these 
mouse-adapted strains in an Australian mouse 
stock using the intracerebral route of inocu- 
lation. 

Materials and methods. Virus strains. 
Through the courtesy of Dr. Schaeffer, the 
following strains were forwarded to this lab- 
oratory—2 mouse cords infected with type I 
poliomyelitis (Mahoney strain) after 44 pas- 
sages by the intraspinal route and 2 mouse 
cords infected with type III poliomyelitis 
(Leon strain) following 97 passages in mice 
by the intraspinal route. Animals. All mice 
used in these experiments came from this 
laboratory’s animal house and are referred to 
as The Prince Henry mice. These mice have 
been brother to sister bred in a large isolation 
unit for 13 years without the introduction of 
any outside stock. They originally derived 
from the mice used by Robertson(4). A 
latent Theiler’s encephalomyelitis virus has 
not been demonstrated in this stock, although 
repeated attempts have been made to do this 
since 1948. The monkeys used in these ex- 
periments were imported from Singapore and 
comprised the species M. irus and M. nem- 
estrinus. All had been castrated from some 
weeks to several months prior to inoculation, 
the testes being used for tissue culture. 


Inoculations. Intraspinal (1.S.) inoculations 
were carried out as described by Habel and 
Li(5). Four-weeks old mice were used for 
both I.S. and intracerebral (I.C.) inocula- 
tions. With the latter route, the mice were 
lightly anesthetized, and the hair of the head 
swabbed with 70% ethanol. The I.C. inocu- 
lum consisted of 0.04 ml delivered from a 
tuberculin syringe. Monkeys received 0.3 ml 
in the left thalamus. Preparation of virus 
suspensions. Suspensions of infected mouse 
cords were made as follows: Paralyzed mice 
were killed with diethyl ether. The brains 
were removed and the vertebral column cut 
with scissors immediately above the sacrum. 
An 18-gauge needle attached to a syringe 
containing sterile normal saline was firmly 
inserted in the spinal canal and pressure ap- 
plied to the plunger, thus forcing the cords 
out through the foramen magnum. The cords 
were ground (without abrasive) in chilled 
mortars and a 10% suspension made in chilled 
14 strength broth. The suspension was cleared 
by centrifuging at 1500 rpm for 5 minutes in 
a refrigerated International centrifuge. A 
penicillin-streptomycin mixture was added to 
give a final concentration of 100 units of 
penicillin and 50 units of streptomycin per ml 
and the suspension used immediately for ani- 
mal inoculations. Neutralization tests. To 
the test serum (inactivated at 55°C for 30 
minutes) was added an equa] volume of 10% 
infected cord suspension (passage 12). The 
serum-virus mixture was allowed to stand at 
room temperature for one hour before I.C. 
inoculation of the mice. Tissue culture. This 
was carried out using monkey testis grown in 
bovine amniotic fluid(6) and was a modifica- 
tion of the method described by Enders(7). 
Sera. In the neutralization tests carried out in 
mice by the I.C. route, the following sera were 
used. (a) Serum from a poliomyelitis patient 
who subsequently died from the disease. This 
serum contained tissue culture neutralizing 
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antibodies against the Mahoney (type 1) 
strain to a titer >1/160, but no detectable 
antibody to either the Leon or MEF1 strains. 
(b) Hyperimmune mouse serum against the 
MEF1 strain of poliomyelitis. This serum 
contained specific neutralizing antibodies to a 
titer of 1/160 (tissue culture). (c) Leon 
hyperimmune monkey serum containing spe- 
cific neutralizing antibodies to a titer >1/160 
(tissue culture). 

Experimental. Type I poliomyelitis (Ma- 
honey strain). Contrary to the experience of 
Li and Schaeffer, this strain could not be 
successfully passaged in The Prince Henry 
mice by the I.S. route. I.C. inoculations, 
however, presented quite a different picture. 
The primary inoculation of type I infected 
mouse cords (ex U.S.A. passage 44) resulted 
in 4 of 8 mice becoming paralyzed following 
1.C. inoculations and one of 8 mice becoming 
paralyzed following I.S. inoculation. Virus 
could not be demonstrated by further I.C. 
or I.S. passage of the cord from the LS. line. 
On the other hand the cords from the I.C. 
inoculated mice caused paralysis of passage 
one mice only by the I.C. route and not by 
the I.S. route. At this stage virus could not 
be detected in the brains of paralyzed mice 
but only in the cords. Accordingly, from 
passage 2 material onwards the cords of para- 
lyzed mice were passaged by the I.C. route. 
It was decided to use 20 mice for each passage 
as not all animals inoculated became para- 
lyzed. 

TABLE I. Results of I.C. Inoculation of 322 Mice 


with Mahoney Virus during the First 12 Passages 
in Prince Henry Mice. 


No. ———_No. of mice paralyzed——_, 


Passage mice —— Days after inoc.—\ 
No. inoe. eon) ete sou lOa aS Total 
Primary 8 4 4. 
1 8 ik ral 2 
2 8 3 3 
3 20 Dee tle en aL il 9 
+ 20 ll 4 
5 80 if PAO) tebe esi 22: 44 
6 20 Oe. eee eee al il 11 
7 20 7a XG) 8 
8 20 2s 10 
9 19 5) 3 
10 20 DS yal 10 
ital 19 4 3 7 
12 60 LOSS 5 ad 43 
Total 322 29 84 33-5 4 2 1 158 


ON 


TABLE IT. Neutralization Tests with the Modified 

Mouse-Adapted Type I (Mahoney Strain) Polio- 

myelitis Virus Using the I.C. Route of Inoculation 
in 4-Week-Old Mice. 


Serum containing antibody to type 


if II slat 
(human) (mouse ) (monkey ) Control 
Oe 14 14 118) 
19 20 20 20 
* Numerator = No. of mice paralyzed. 


Denominator = No. of mice inoculated. 


The results of the first passages may be 
briefly summarized. Only 34% of the ani- 
mals inoculated during the first 5 passages 
became paralyzed. From passages 6 to 12, 
52% of the animals became paralyzed. Of 
the paralyzed animals, 70% showed paralysis 
by the third day after inoculation and 92% 
by the fourth day. Table I shows the results 
obtained from an examination of the first 12 
passages during which 322 mice were inocu- 
lated and 158 became paralyzed. 

One interesting feature of the paralysis was 
that with 2 exceptions paralysis was observed 
in the fore-limbs and not in the hind-limbs. 
The impression gained was that the virus was 
in higher concentration in the cervico-thoracic 
area of the cord than in the lumbar area. 
On several occasions various sections of the 
cord were passaged. With a lumbar-cord sus- 
pension only one of 20 mice inoculated became 
paralyzed, and then only in the hind limbs. 

Infectivity for monkeys. Four monkeys 
were inoculated intracerebrally with passage 
8 cord suspension. These animals remained 
asymptomatic for a period of two months 
after inoculation. 

Neutralization tests. The antigenic char- 
acter of the infective agent has been exam- 
ined only by neutralization tests which were 
carried out with the infected cords from pas- 
sage 12. The results are shown in Table II. 

Type III poliomyelitis (Leon strain). The 
sequence of events following inoculation of 
type III infected mouse cords (ex U.S.A. pas- 
sage 97) into Prince Henry mice by the LS. 
and I.C. routes, duplicates in many ways the 
results obtained with the type I mouse 
adapted poliomyelitis virus. The results of 
the primary inoculation and the first 5 pas- 
sages only will be presented. Virus could be 
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TABLE III. Results of I.C. Inoculation of 92 


Mice with Leon Virus during First 5 Passages in 
Prince Henry Mice. 


No. ——No. of mice paralyzed——, 
Passage mice —Days after inoe.—~ 
No: iNOGe Je 38 495) (6) SOO oval 
Primary 8 2 2 
1 8 2 2 
2 20 I ae 1 i) 
3 20 2 1 3 
4 20 1 2 2 2 a 
5 16 ale Gb ie 5 
Total 92 eh a We eheal OO) al 24 


demonstrated by the I.C. route but not by 
LS. inoculation. During these early passages 
26% of mice inoculated became paralyzed 
compared with 34% to type I virus. Again 
only the fore-limbs were affected. The 
average incubation period was longer, the ma- 
jority of animals becoming paralyzed on the 
4th and Sth days after inoculation (Table 
III). The impression gained was that The 
Prince Henry mice were not as susceptible to 
infection with type III as with type I mouse- 
adapted virus. Neutralization tests have not 
yet been performed to confirm the identity 
of this strain. 

Discussion. There are several interesting 
points arising from these preliminary experi- 
ments. Probably the most important is the 
observation that type I poliomyelitis virus 
will infect mice when given by the intracere- 
bral route. In passaging this virus, mouse 
cord (and not mouse brain) was inoculated 
intracerebrally, as virus was found in higher 
concentration in the cord. The cord, there- 
fore, contained virus which was capable of 
invading C.N.S. tissue of mice. 

The ability to infect mice by the I.C. route 
and not by the LS. route differs from the find- 
ings of Li and Schaeffer(2), who kindly sup- 
plied the authors with the strains adapted to 
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mice by I.S. inoculations. At this stage there 
is little evidence to indicate why this differ- 
ence should exist. It is considered likely that 
the genetic constitution of The Prince Henry 
mice is different from the stock used in Ala- 
bama. The short incubation period and the 
ease with which I.C. inoculations could be per- 
formed compared with I.S. inoculations, sug- 
gest that these observations may be of some 
help in laboratory studies of poliomyelitis. 

Summary. The type I and type III strains 
of poliomyelitis adapted to mice by the intra- 
spinal route by Li and Habel(1), and Li and 
Schaeffer(2) were found to be infective by 
the intracerebral route for The Prince Henry 
mice in Australia. Examination of the be- 
havior of the type I strain during the first 12 
passages in Prince Henry mice revealed that 
there was a slight increase in virulence re- 
sulting in more than 50% of the animals 
becoming paralyzed with an average incuba- 
tion period of 3 days. Nearly every infected 
mouse was paralyzed in the fore-limbs only. 
The virus was found in highest concentration 
in the cervico-thoracic area of the cord, but 
was demonstrated in lower concentration in 
lumbar cord and brain. Monkeys remained 
asymptomatic following intracerebral inocula- 
tion with this strain. 
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Vitamin A Metabolism in Nephrectomized Rats.* 
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ELIZABETH KAISER, YVETTE Fay FRANCIS, AND B. M. Kaan. 


From the Department of Pediatric Research, Kunstadter Laboratories for Pediatric Research, 
Michael Reese Hospital, Chicago, Ill. 


Kagan e¢ al.(1) found that in children with 
the nephrotic syndrome the serum vit. A levels 
are elevated and test doses of vit. A cause a 
rise in the serum vit. A which is 5 to 10 times 
higher than in normal subjects. The role of 
the kidney in vit. A metabolism, however, is 
not clear. 


To obtain information on the role of the 
kidney, the following studies were made to 
determine the effect of nephrectomy on serum 
and liver vit. A in rats. 


Methods. Bilateral nephrectomy was per- 
formed on normal mature white male rats. 
With each group of nephrectomized rats, sham 
operated rats were used as controls. All rats 
were fed Purina dog checkers, containing 8 
U.S.P. units of vit. A/g. Control and ex- 


perimental animals were fed the same 
amounts. Vit. A test doses were given orally 
3 hours after the nephrectomy. The test 


doses consisted of 6000 units of vit. A alcoholt 
in aqueous dispersion per lb body weight. 
Blood samples were taken for vit. A and urea 
nitrogen determination before the operation 
and 3 and 24 hours afterward. The animals 
were sacrificed about 27 hours after the 
nephrectomy and the livers were analyzed for 
vit. A. Serum vit. A was determined by the 
method of Bessey et al.(2) and liver vit. A by 
the method previously described by Kagan 
and Kaiser(3). Blood urea nitrogen was 
analyzed by the ultra-micromethod described 
by Sobel e¢ al.(4). 


TABLE II. Effect of Nephrectomy on Blood Urea 
Nitrogen in the Rats. Blood urea N, mg %, avg 


(range). 
Time after operation 
0 hr 6 hr 27 hr 
Nephrecto- 31.2 72.3 ne 660 
mized (27.5-45)  (50.2-93.6) (120-207) 
Sham oper- 33.3 33.4 29:9 
ated (27.5-40.6) (27.2-87.6) (26.4-34.4) 
Results. Serum vit. A levels following test 


doses of vit. A are shown in Table I. Fifteen 
of 23 animals were subjected to bilateral 
nephrectomy and 8 were sham operated. 

There was no significant difference between 
the average vit. A levels in the nephrectomized 
and sham operated rats at any of the time 
intervals. The nephrectomized rats not given 
vit. A test doses showed no significant change 
at the same time intervals. 

Table II shows the blood urea nitrogen 
values in the same animals. In most of the 
nephrectomized animals, the urea nitrogen 
level at 6 hours was about double the zero 
hour level. 

These results show that in such acute ex- 
periments the absence of the kidneys in rats 
does not influence the serum vit. A levels. 
This does not, of course, rule out the possi- 
bility that renal function over a longer period 
of time may play a role in vit. A metabolism. 
It suggests, however, that the high serum 
vit. A levels and the abnormal rise in serum 
vit. A after test doses in the nephrotic syn- 


TABLE I. Effect of Nephrectomy on Serum Vitamin A Levels after Test Doses of Vitamin A ~ 
in Rats. Serum vit. A, wg %, avg (range). 


No. of 

rats 0 hr 3 hr 24 hr 
Nephrectomized 42 ~~~—«-23,.8 (19-45) 184.4 ( 76-336) 40.4 (27-68) 
Sham operated 8 21.1 (17-28) 184.3 (127-280) 38.6 (20-67) 
Nephrectomized but not 3 26.7 (24-28) 34 ( 29- 38) 29.3 (25-32) 


given vit. A test dose 


* Presented before the 124th annual meeting of 
the Am. Chem. Soc., Sept. 7, 1953, Chicago, Ill. This 
study was supported in part by a grant from the 


National Vitamin Foundation. 
+ Kindly supplied by Hoffmann-La Roche Co., Inc., 
Nutley, N. J. 
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TABLE ITI. Effect of Nephrectomy on Liver Vitamin A. 
No. of Vit. A, ng/g, No.of Wt of liver, g, pg vit. A/liver, 
rats avg (range) rats avg (range) avg (range) 
B a) aay m= pt pe. lA , Tf Ke 9 
Nephrectomized 9 60.7 (45.8- 75.1) 7 TPE rial eA) 746.8 (560 - 902 ) 
Sham operated 7 70.7 (50.4-101 _ ) 5 ilar, ARG -13.2) 831.5 (630 TOL) 
Nephrectomized but not 3 20.8 (14 - 36 7) 2 10.4 (10.2-10.5) 326 (865.5- 287 — ) 


given vit. A test dose 


drome may be attributed to a change in the 
function of some organ other than the kid- 
neys. Previous work(3) in this laboratory 
showed that the liver may be responsible for 
the changes in vit. A metabolism observed in 
the nephrotic syndrome. The present study 
suggests that this may be independent of the 
kidney. 

Table III shows that absence of the kidneys 
in these short term experiments had no sig- 
nificant effect on liver vit. A content or con- 
centration. 


Summary. Mature white male rats were 
subjected to bilateral nephrectomy and the 
serum and liver vit. A concentrations and liver 
vit. A content were studied with and without 
test doses of vit. A. No differences were ob- 


served between the serum vit. A values in 
nephrectomized and sham operated control 
rats. There was also no difference in the 
liver vit. A concentrations or content. The 
results are interpreted as indicating that the 
normal mature kidney plays no significant role 
in vit. A metabolism in such short term ex- 
periments in the rat. 
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Hexose-6-Phosphatase Activity in the Seminal Vesicles and Prostate Gland 


otf the Rat.” 
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(Introduced by E. W. Dempsey.) 


From Department of Anatomy, Washington University School of Medicine, St. Louis, Mo. 


Spermatozoa, according to Mann(1) ap- 
pear to utilize fructose rather than glucose 
as an energy source. The fructose of seminal 
fluid is produced in the glands of the male re- 
production tract. 

Chiquoine(2) has demonstrated histochem- 
ically that glucose-6-phosphatase is located in 
hepatic cells and in renal convoluted tubules. 
This enzyme, according to Cori(3,4) is neces- 
sary for the transformation of cellular stores 
of carbohydrate into blood glucose, and in its 
absence, excessive cellular storage of glycogen 
occurs. By analogy, a hexose-6-phosphatase 


* This investigation was aided, in part, by grant 
from the USPHS. 
+ Jackson Johnson Summer Fellow in Anatomy. 


capable of transforming a phosphorylated pre- 
cursor into fructose might be expected in the 
seminal vesicles and prostate gland of the rat, 
since these are the glands which furnish the 
fructose of the seminal fluid. Using suitable 
modifications of Chiquoine’s inethod, these ac- 
cessory glands have been tested for their 
capacity to hydrolyze fructose-6-phosphate, 
glucose-6-phosphate and fructose-1-6-diphos- 
phate. 


Material and method. Mature male rats 
were killed by a blow on the head. The 
seminal vesicles and prostate gland were re- 
moved and immediately frozen in containers 
maintained at —20°C. Pieces of tissue were 
sectioned at 10 » in a Linderstrgém-Lang 
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cryostat by the technic described by Coons 
and Leduc(5). Fructose-6-phosphate, glu- 
cose-6-phosphate and __ fructose-1-6-diphos- 
phate, converted to their potassium salts, were 
utilized as substrates. These salts were added 
to lead nitrate solutions and the pH adjusted 
to its final value as described by Chiquoine 
(2). To conserve substrate, small quantities 
were used in small weighing bottles as sug- 
gested by Engle and Souders(6). After in- 
cubations of 15 minutes to one hour at 30°C, 
the lead phosphate precipitated in the tissue 
was converted to the sulfide by treatment with 
yellow ammonium sulfide as employed in 
Gomori’s acid phosphatase technic(7). The 
slides were dehydrated, cleared in xylene and 


FIG. 1. Frozen section of rat seminal vesicle ex- 
hibiting phosphatase reaction when fructose-6- 
phosphate was used as substrate. 150. 
FIG. 2. Section similar to that shown in Fig. 1, 
in which the substrate was glucose-6-phosphate. 
The reaction is weaker than that obtained with 
the fructose ester. 150. 

FIG. 3. Control section, treated identically with 
those shown in Fig. 1 and 2 except that the incu- 
bating mixture lacked either glucose or fructose 
esters. The reaction is absent. 150. 
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mounted in clarite. For comparison with the 
results obtained with the methods outlined 
above, some sections were stained with 
Gomori’s(7) alkaline phosphatase procedure 
employing glycerol phosphate. 

Results. The epithelia of the seminal 
vesicles and prostate gland contained de- 
posits of lead phosphate distributed rather 
evenly throughout the width of the cells when 
either fructose- or glucose-6-phosphate were 
used as substrates. The connective tissue 
stroma beneath the epithelium was negative 
(Fig. 1 and 2). The optimum pH for the 
reaction lay between 6.3 and 7; the intensity 
fell off rapidly above and below these values 
and was absent at pH 5 and pH 10. The re- 
action was perceptibly more intense with 
fructose-6-phosphate as compared with the 
corresponding glucose ester. 

Slides immersed in 5% formalin at pH 
7.4 for 15 minutes were entirely lacking in 
reactivity when tested with either of the 
hexose-6-phosphates. The enzyme appeared 
to be extremely labile, weak reactions being 
given by tissues not frozen immediately after 
death of the animal or after prolonged stor- 
age at —20°C. 

Negative reactions were obtained with fruc- 
tose-1-6-diphosphate at neutral and acid pH 
values. Between pH 8-10, reactions in the 
basement membranes and subjacent stroma 
were obtained. Similar locations of reactivity 
were observed after the conventional alkaline 
phosphatase procedure. These reactions, un- 
like those after the hexose-6-phosphates, were 
unaffected by prior treatment of the sections 
with formalin. 


Discussion. Unlike alkaline and acid phos- 
phatases, which are resistant to heat, and to 
fixing agents such as alcohol and formalin, 
glucose-6-phosphatase is extremely labile and 
easily destroyed. Moreover, alkaline phos- 
phatase hydrolyzes glucose-6-phosphate very 
slowly as compared with its activity when 
tested with glycerol phosphate. These char- 
acteristics permitted Chiquoine(2) to deter- 
mine differentially the presence of glucose-6- 
phosphate in liver and kidney, and to show 
that this enzyme is located in cellular regions 
different from those in which acid or alkaline 
phosphatases are found. Similar procedures 
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employed on the male accessory gland, de- 
scribed above, have permitted detection of a 
labile enzyme localized differently from the 
more stable acid and alkaline phosphatases. 
The specificity of the enzyme dealt with 
here remains an open question. The tissues of 
the male accessory glands are capable of 
hydrolyzing both glucose-6-phosphate and 
fructose-6-phosphate. Whether this fact im- 
plies the presence of separate enzymes for the 
2 substrates, or of an enzyme which will non- 
specifically split either hexose ester, is not 
known. In any event, it is of interest that 
high concentrations of fructose occur in 
seminal fluid and that an enzyme capable of 
splitting fructose phosphate occurs in the 
elands where the fructose originates. 
Summary. The seminal vesicles and pros- 
tate gland of the rat are capable of hydrolyz- 
ing both fructose-6-phosphate and _ glucose- 
6-phosphate. This hydrolytic activity is lo- 
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cated in different regions from those contain- 
ing acid and alkaline phosphatase. The ac- 
tivity toward the hexose phosphates is easily 
destroyed by fixing agents. The significance 
of the hexose phosphatase activity is briefly 
discussed in relation to the fructose metab- 
olism of the male reproductive system. 
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Effect of Atabine on X-Irradiation-Induced Leucopenia in Chick, 
Rat and Mouse.* (20918) 


BARBARA KELLEY, Mary Rose Simmons, Pau L. Day, I. MESCHAN, AND 
Cart D. Douctass. 


From the Departments of Biochemistry and Radiology, School of Medicine, University of Arkansas, 
Little Rock. 


It has been previously noted that the ad- 
ministration of atabrine at relatively high 
levels causes a marked generalized leucocy- 
tosis in rats and chicks(1,2). Since x-irradia- 
tion is known to produce a marked leucopenia 
in experimental animals it seemed of interest 
to determine the effect of atabrine on leuco- 
cyte level following irradiation. In connection 
with this study it has been observed that the 
failure of chicks to feather normally after 
exposure to x-irradiation is overcome by the 
administration of atabrine(3). 


Methods. The x-irradiation treatments re- 


* Research paper No. 000, Journal Series, Uni- 
versity of Arkansas. This work was supported in 
part by a contract with the Atomic Energy Com- 
mission and a grant from the National Institutes of 
Health, U.S.P.H.S. 


ported here were carried out using the follow- 
ing factors: 15 ma, 220 KV, inherent filtration 
only, HVL 0.25 mm Cu, 32 inches to the 
center of the animal, rate of 35.5 r/min. (in 
air), field size covering the entire animal. 
Day-old White Rock chicks were placed on 
the purified diet described by Keith e¢ al.(4) 
supplemented with 2 mg of folic acid per kilo 
of diet. One half of the chicks received a 
supplement of 500 mg of atabrine per kilo 
of diet. After 10 days on these diets the birds 
were subjected to 725 r. In experiments to 
determine the effects of atabrine given after 
irradiation, all the chicks were fed the un- 
supplemented diet for 13 days prior to irra- 
diation (675 r). Immediately after irradia- 
tion the birds were divided into 2 groups. The 
birds of one group were injected intraperi- 
toneally with a 5% solution of glucose and 


ATABRINE AND X-IRRADIATION 


60 
4-ATABRINE SUPPLEMENTED 

ce) 4&-U NSUPPLE MENTED 
ay 
g 
“” 40 
S) 
ce) 
a 
= 
= 
@ 
= 20 


O 


8 16 24 
DAYS AFTER IRRADIATION 


FIG. 1. Effect of atabrine on post-irradiation leu- 
copenia in the chick. Each point represents avg 


of 5 items except last 2 points in lower curve 
which represent, respectively, 4 and 3 items. 


those of the group to receive atabrine were 
treated with one cc of glucose solution con- 
taining 0.5% atabrine. Subsequently the 
latter group received atabrine in the diet as 
described above. Weanling female Sprague- 
Dawley rats were fed the purified diet of 
Kelley et al.(5) with one-half of the animals 
receiving a supplement of 500 mg of atabrine 
per kilo of diet. The animals were subjected 
to 330 r of x-irradiation after remaining on 
the diets for 23 days. Swiss mice were fed 
Purina laboratory chow which had _ been 
ground and formed into pellets using either 
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water or an atabrine solution to form a paste. 
The atabrine was added at a level of 500 mg 
per kilo of diet. The animals were subjected 
to 675 r of x-irradiation after remaining on 
the diets for a week. Thirty-six days after 
the initial irradiation the surviving animals 
were subjected to 750 r. Blood was drawn 
from the wing vein of the chicks. Standard 
hematological procedures were used in making 
the white cell counts in the case of rats and 
mice. The method of Wiseman was used with 
the chicks(6). 

Results. The leucocyte counts for the 
chicks which received atabrine before irradia- 
tion are shown graphically in Fig. 1. The 
birds had been on the experimental diets for 
10 days prior to irradiation and were observed 
for 30 days after irradiation. Over the ex- 
perimental period there was no difference in 
weight gain between the 2 groups. Fifteen 


TABLE I. Effect of Atabrine and Post-Irradiation 
Leucopenia in Rats. 
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unsupplemented birds showed a post-irradia- 
tion mortality of 80%, whereas in 18 atabrine- 
supplemented birds there was a 66% mor- 
tality. 

That the same effect on the leucocyte level 
is obtained when atabrine administration is 
started after irradiation is shown in Fig. 2. 
The mortality was 50% in both groups. No 
white cells were visible either in the hemo- 
cytometer or in smears at about the eighth 
day post-irradiation in the chicks receiving no 
atabrine in both the above experiments while 
those receiving atabrine maintained white 
counts of between 15,000 and 20,000 per mm?. 
Atabrine did not affect preferentially the 
numbers of the various cell types. 

Rats which were subjected to sublethal 
doses of x-irradiation exhibited the typical 
post-irradiation leucopenia (Table I). No 
deaths occurred in either group. 
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TABLE II. Effect of Atabrine on Post-Irradiation Leucopenia in Mice, 


Avg WBC/mm? Avg WBC/mm? Avg WBC/mm* 
immed. prior on 4th day post- on 7th day after 
to irradiation irradiation Days to returnto 2nd irradiation 

Diet (1000) (1000) 15000 WBC/mm* (1000) 
Basal 15.45 5.86 16 1.69 
Basal + atabrine 16.30 8.43 10 5.05 


(500 mg/k diet) 


Mice which were subjected to 675 r of x- 
irradiation developed a severe leucopenia. 
After the second irradiation (750 r) a more 
severe leucopenia developed (Table II). In 
separate experiments it was determined that 
there was no difference in the survival rates 
between the 2 groups as judged by the total 
number of animals dying or the times of 
death. 

Discussion. In the case of the chick, ata- 
brine did not completely prevent the post- 
irradiation leucopenia but it prevented the 
dramatic fall in leucocyte count which was 
observed in the untreated group. It will be 
seen from Fig. 1 that the atabrine-supple- 
mented birds lost more cells on a percentage 
basis in the period immediately following 
irradiation than did the birds of the unsupple- 
mented group. However, the groups receiving 
atabrine either before or after irradiation, had 
entered the recovery phase when the unsup- 
plemented groups were exhibiting leucopenia 
so severe that no white cells were demonstra- 
ble in the blood. In view of the previous re- 
port(3) from this laboratory, it seems that 
atabrine exerts a beneficial effect in this spe- 
cies, however exhaustive studies on any altera- 
tions in the mortality rates are necessary to 
establish this definitely. It is significant that 
the effect of this drug on white cell levels may 


be observed when it is administered after 
irradiation. 

The application of the “Student” t test (7) 
to the data obtained from the mouse and rat 
experiments indicate that the differences ob- 
served in the white blood cell counts are of 
doubtful significance. 


Summary. 1. Supplementation of the diets 
of chicks with atabrine tends to reduce mark- 
edly the severity of post-irradiation leuco- 
penia. 2. Atabrine administration to rats and 
mice may alter the post-irradiation leucopenia 
slightly. 
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Alterations in Cardiovascular Responses of the Dog Following Rauwiloid®, 


An Alkaloidal Extract of Rauwolfia serpentina.* 


(20919) 


James T. Gourzis, RALPH R. SONNENSCHEIN, AND RoBERT BARDEN. 
From the Research Division, Riker Laboratories and the Department of Physiology, 


U. C. L. A. School of Medicine, Los Angeles. 


Pharmacologic properties of hypotension, 
bradycardia and sedation, possessed by 
Rauwolfia serpentina, Benth. have aroused 
considerable clinical interest. Promising re- 
sults have been reported from its use alone 
and in combination with other hypotensive 
agents in the management of hypertension 
(1-8). Rauwiloid, a mixture of alkaloids ex- 
tracted from the root of Rauwolfia serpentina, 
has been demonstrated clinically and in the 
laboratory to possess the total activity of the 
root(2,6,9,10). At the recommended dosage, 
the effects of Rauwiloid are characterized by a 
slow onset of action, one to several weeks 
being required for them to be fully manifest 
(2,6). This latency is also observed in the 
laboratory animal wherein intravenous admin- 
istration of doses even 50 times the clinical 
level produces a significant hypotension only 
after several hours. Since we were particu- 
larly interested in studying the effects of 
Rauwiloid at doses more approximate to the 
clinical level, it was not possible to perform 
such experiments by the usual method of ob- 
serving the immediate effect vs. pre-medica- 
tion control. In order, therefore, to emulate 
the therapeutic approach, the animals were 
medicated orally for several days. 

The purpose of our experiments was to 
observe the effects of hypotensive doses of 
Rauwiloid on the cardiovascular responses of 
normotensive dogs. Such information might 
offer some insight into the mechanism of 
hypotension. 

Method. Fifteen mongrel dogs were fed 
Rauwiloid orally for 5 days at a dose of 0.5 
mg/kg/day.t This dose, although approxi- 
mately 10 times the recommended clinical dos- 


* Preliminary report given at interim meeting of 
Soc. Pharmacol. and Exp. Therap., Yale University, 
Sept. 1953. 

+ A homogeneous mixture of Rauwiloid and U.S.P. 
Lactose at the ratio of 1:10 was prepared. The 
encapsulated dosage was administered to animals in 
meat once daily. 


age, simply produced the picture of an in- 
creased clinical effect(9,10). On the sixth 
day the animals were anesthetized with pento- 
barbital sodium intravenously.+ The trachea 
was intubated and 20 minutes allowed for 
stabilization of the anesthetic state. At this 
time, a femoral artery was cannulated for 
kymographic registration of blood pressure by 
a mercury manometer. The _ ipsilateral’ 
femoral vein was prepared for drug injection. 
After observations of blood pressure and heart 
rate had been made, epinephrine hydro- 
chloride, acetylcholine chloride, histamine 
dihydrochloride and isopropylnorepinephrine 
hydrochloride (Isuprel) were injected intra- 
venously at selected dosages.§ Each drug ad- 
ministration was flushed in with 1.0 ml normal 
saline solution. The animals were then sub- 
jected to a period of hypoxia, bilateral carotid 
occlusion, efferent and afferent vagal faradiza- 
tion. Observations were made on blood pres- 
sure during these procedures. The heart rate 


tIn order to approximate an equal depth of 
anesthesia for each animal, the anesthetic, as a 6% 
solution in distilled water, was administered at the 
rate of 60 mg/minute until swallowing reflex was 
abolished. 

§ Drugs, prepared as 0.001% solutions in physio- 
logic saline administered to animals at following dose 
—pg/kg: Epinephrine hyrochloride—1 and 3, Acetyl- 
choline hydrochloride—1, Histamine dihydrochloride 
—1, Isopropylnorepinephrine hydrochloride—.1, .5 
and 1.0. Hypoxia induced by permitting animal to 
breathe 100% N, contained in rubber bag for 45 
seconds. Respiratory mixture was delivered into 
endotracheal tube by means of a polarized flutter 
valve system. Then the carotid arteries were iso- 
lated and a 30 second carotid occlusion performed; 
then both vagi were severed and stimulated electric- 
ally using a Gorrell ‘“Ene-Volt”, the efferent end of 
the left vagus with 0.5 and 1 volt for 5 sec. and the 
afferent stump of the right vagus with 2 volts for 
15 sec. An average of 15 minutes allowed to elapse 
between each of above procedures. Statistical signifi- 
cance was determined from the “t” value of the 
difference between the group means. 
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was also observed before and after each in- 
jection of Isuprel. A series of 15 dogs served 
as controls and were tested simultaneously 
and in the same manner as the medicated 
animals. 

Results. The mean arterial blood pressure 
(MAP) and heart rate of the 15 anesthetized 
medicated dogs were 95 + 12 (SD) mm Hg 
and 106 + 24 beats/min. respectively. This 
compared with values of 128 + 21 mm Hg 
and 146 + 40 beats/min. for the control 
series. Eleven of the medicated animals ap- 
peared sedated. || 

The absolute blood pressure rises in response 
to epinephrine were greater (p <0.01) in the 
treated animals. The peak pressure attained 
with the 1.0 »g dose was significantly higher 
(p <0.05) in the medicated dogs; however, 
the difference of the peak pressures at the 
3.0 wg level was barely non-significant, 0.06 
pir 0.05. (lable tl): 

The absolute decrease in MAP and the 
nadirs of blood pressure produced by Isuprel 
were enhanced by Rauwiloid. The absolute 
heart rate increase was greater in the medi- 
cated group; however, the peak heart rates 
of the control and medicated series were not 
significantly different (Table I). 

Fourteen of 15 medicated dogs showed a 
reversal of the usual pressor response to 
hypoxia, the mean decrease in MAP being 
14 + 17 mm Hg, whereas all control animals 
responded with a rise in MAP averaging 34 
2.31 min Eig: 

The blood pressure rise evoked by bilateral 
carotid artery occlusion was markedly de- 
pressed in the treated animals, the absolute 
rise in MAP being 9 + 8 mm Hg as compared 
to 36 + 23 mm Hg for the control dogs. 
This depression was greater (p <0.02) than 
could be predicted on the basis of the lower 
pre-existing MAP of the medicated animals. 
By this formula,/ the response of the medi- 


|| The dogs were lacking their usual spontaneous 
activity, but were aroused readily and were capable 
of locomotion. 

{| Magnitude of carotid sinus pressor reflex has been 
related to the pre-existing MAP by Prochnik et al. 
(16). ‘The formula used was: 

Carotid Occlusion Response (mm Hg) x 100 


Pre-existing MAP - 60 


TABLE I. Pressor Response to Epinephrine and Depressor and Cardio-accelerator Response to Isopropylnorepinephrine (Isuprel) in Dogs Anesthetized 


with Pentobarbital after 5-Day Rauwiloid or Placebo Medication—15 Animals in Hach Series. 
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+10 animals tested at these doses. 
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cated dogs was 21 + 24% vs. 51 + 38% for 
the control animals. 

Faradization of the afferent stump of the 
right vagus nerve elicited a primary neuro- 
genic blood pressure rise in all control ani- 
mals averaging 48 + 26 mm Hg. Only one 
of 15 medicated animals displayed this 
primary rise; the animals in this series re- 
sponded with a mean decrease in MAP of 
6 + 6 mm Hg. The secondary humorally 
medicated rise(11) however, was essentially 
unaltered from the control. 

The hypotensive responses to acetylcholine, 
histamine and efferent vagal faradization were 
unaffected by Rauwiloid. 


Discussion. Augmentation of the pressor 
effect of epinephrine and of the depressor 
effect of Isuprel permits an interesting con- 
trast. The first instance may be a function 
of the lower pre-existing MAP induced by 
Rauwiloid. However, despite this lower level 
of arterial blood pressure, the hypotensive 
effect of Isuprel was enhanced. Moe(12) has 
reported potentiation of the pressor response 
to epinephrine’ by _ tetraethylammonium 
(TEA). The observation was largely attrib- 
uted to depression of vagal activity by TEA. 
Since our experiments have demonstrated the 
integrity of the efferent vagus, Rauwiloid 
may alter the activity of some other reflex 
pathway to augment the pressor response to 
epinephrine. Furthermore, the hypotensive 
response to Isuprel was enhanced in the face 
of unaltered cardio-accelerator activity. One 
explanation of this phenomenon is that 
Rauwiloid may affect the vasomotor center 
and/or its reflex pathways in such a manner 
as to prevent the usual response to acute 
blood pressure alterations. 

Reversal of the blood pressure rise evoked 
by hypoxia has heretofore been accomplished 
in the dog by adrenergic blockade(13) or 
section of all 4 buffer nerves(14). The caro- 
tid sinus reflex may be depressed by similar 
means although such depression is also pro- 
duced by ganglionic blocking agents(15) or 
a low pre-existing MAP(16). The augmenta- 
tion of the response to epinephrine and the 
intact response to efferent vagal faradization 
eliminate adrenergic blockade and generalized 
ganglionic blockade respectively, as factors. 
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Furthermore, the MAP of the medicated 
animals was not so depressed as to reduce 
the carotid artery reflex to the extent ob- 
served. On the other hand, blockade of the 
primary rise in blood pressure elicited by 
faradization of the afferent vagus indicates 
interference with sympathetic activity some- 
where in the brain stem. That Rauwiloid 
may exert a specific depression of sympathetic 
gangha likewise cannot be dismissed. Bein 
(17) has observed similar effects in cats anes- 
thetized with dial-urethane, following intra- 
venous administration of reserpine, a pure 
crystalline alkaloid from Rauwolfia  ser- 
pentina. 

That this autonomic blockade may be a 
progressive syndrome is indicated by experi- 
ments on 5 dogs which received a single dose 
of one mg/kg of Rauwiloid intravenously, 
resulting in hypotension when tested 24 hours 
later. Three of these animals displayed re- 
versal of the pressor response to hypoxia and 
the primary rise to afferent vagal faradization 
was nearly eliminated. However, the carotid 
sinus reflex was not significantly altered. 
This latter observation is in agreement with 
clinical data citing maintenance of postural 
blood pressure reflexes following Rauwiloid 
(2,6-8). Such being the case, one could pos- 
tulate depression of certain central autonomic 
activities (pressor responses of hypoxia and 
afferent vagal faradization) at low doses; at 
higher dosage, those central activities con- 
cerned with the carotid sinus reflex and/or 
the activity of the baroceptors may be de- 
pressed. 


Summary. Rauwiloid, an alkaloidal ex- 
tract representing the total activity of the 
root of Rauwolfia serpentina, Benth., was 
administered orally for 5 days to 15 normo- 
tensive dogs. The following observations 
(compared to 15 control animals) were ob- 
tained on the sixth day: 1. There was a sig- 
nificant decrease in MAP and heart rate. 
2. Eleven of 15 animals were sedated. 3. The 
pressor response to epinephrine was aug- 
mented. 4. The hypotensive and _ cardio- 
accelerator effects of isopropylnorepinephrine 
(Isuprel) were enhanced. 5. The blood pres- 
sure rise generally evoked by hypoxia was re- 
versed. 6. The carotid sinus pressor reflex 
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was diminished. 7. Blockade of the primary 
blood pressure rise elicited by faradization of 
the afferent vagus occurred; the secondary 
rise was essentially unaltered. 8. The hypo- 
tensive responses to acetylcholine, histamine 
and efferent vagal faradization were not 
altered. 
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Sporadic Bovine Encephalomyelitis. 
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(Introduced by S. A. Peoples) 


From the Department of Public Health, School of Veterinary Medicine, University of California, 
Davis. 


The Department of Public Health, School 
of Veterinary Medicine, of the University of 
California routinely obtains blood samples 
from the personnel and students in the 
School. The sera are tested by complement 
fixation or agglutination for antibodies to 
various etiological agents of disease that are 
transmissible from animals to man. This pro- 
gram is expanded at times to encompass other 
agents that have not as yet been reported as 
causing infection in man. This paper is a 
preliminary report of the result of one such 
investigation involving the virus of sporadic 
bovine encephalomyelitis (SBE). The data 
reported here indicts SBE as yet another dis- 
ease of animals whose causative agent may 
infect man. There has been little in the litera- 
ture to indicate its role in animal disease until 
the past few years and no reports of infection 
in man. The disease in animals was first 
recognized in Iowa and reported by McNutt 
(1). SBE has been reported from only 11 


states, but Menges, Harshfield, and Wenner 
(2) suggest that it is much more widespread. 

Materials and methods. Seven sera from 
personnel in the School, were tested for com- 
plement-fixing (C-F) or agglutinating anti- 
bodies with 9 different antigens. In addition, 
a total of 481 human sera were tested for C-F 
antibodies to the SBE virus and to the Hen- 
zerling strain of Coxiella burneti. These 
same sera were tested by agglutination for 
antibodies to Brucella. The antigen of 
primary significance in this report, designated 
here as LMcN, was received from Dr. Sam C. 
Wong of Lederle Laboratories. It is an experi- 
mental, soluble, C-F antigen prepared from a 
10% suspension of the infected yolk sac of 
embryonated eggs by ether extraction in the 
same manner as for the preparation of typhus 
vaccine. The organism used in preparing this 
antigen was isolated from the pleural exudate 
of a sick calf by Dr. S. H. McNutt. Subse- 
quent to receiving this antigen from Dr. 
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TABLE I.* Comparison of Complement-Fixing or Agglutinating Activity of Seven Human 


Sera to Nine Different Antigens. 


OOOO 
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History of r Antigens—- . 
exposure LMcN 6BC LG Q Bruce LCM WEE StL Jap-B 
I 128 Neg <8 <8 Re) <a8 <8 <8 <8 
Xt 128 16 <8 64 <r e) ac ae ac ac 
0 64 2 <3 <8 <25 <8 <8 <8 <8 
It 32 4 <8 128 <25 <8 <8 <8 <8 
0 32 16 ae 32 <25 ae ac ac ac 
xa 8 Neg <8 64 <25 <8 <8 <8 SS 
Xt <8 4 <8 <8 <25 <8 <8 <8 


<8 


* Titers are reciprocal of highest dilution showing a 3+ or 4+ reaction. 

Key: I —Known exposure to psittacosis but no known exposure to SBE. 
<—Known exposure to SBE, but no known exposure to psittacosis. 
0 —No known exposure to either psittacosis or SBE. 


+ —Known exposure to Q fever. 


Wong it was used to identify 2 isolates from 
bovines with typical symptomatology and 
pathology of SBE. These isolations were 
made in the School of Veterinary Medicine, 
University of California, and the organism 
passaged in guinea pigs. The paired sera 
from these guinea pigs showed a rise from a 
pre-inoculation C-F titer of less than 1:8 to 
a post-inoculation blood titer of up to 1:128. 
The 6BC psittacosis antigen was a 20% sus- 
pension of infected yolk sac material steamed 
for one-half hour and then phenolized. The 
second ‘‘Psittacosis” antigen, designated LG, 
was Squibb’s “Lygranum”. The Q Fever 
antigen was Lederle’s commercial Q Fever 
(Italian strain Henzerling) C-F antigen. The 
Brucella antigens were (a) prepared from the 
standard NIH strain and (b) the U.S. Bu- 
reau of Animal Industry Strain 19. The C-F 
antigens used to test the sera for antibodies 
to the viruses causing lymphocytic chorio- 
meningitis, Western equine encephalomye- 
litis, St. Louis encephalitis, and Japanese B. 
encephalitis were, standard diagnostic anti- 
gens. 


Results. The'C-F or agglutination titers of 
the 7 human sera to the 9 antigens are tabu- 
lated in Table I.* The C-F titers of the 481 
human sera to LMcN SBE and to Q Fever 
antigens are presented in Table II. \C-F 
titers of the 481 human sera to LMcN SBE 


* The technical assistance of Miss Elizabeth Robin- 
son is gratefully acknowledged. The authors express 
appreciation to Drs. K. F. Meyer, B. Eddie, E. IB 
Lennette, H. Cameron and A. S. Browne for their 
valued assistance. 


antigen and the agglutination titers to Bru- 
cella are compared in Table ITI. 

It is quite evident from Table I that no 
correlation is demonstrated between the titer 
to the LMcN SBE antigen and the titers to 
any of the other 8 antigens used. The lack 
of correlation between titers to the LMcN 
SBE antigen and to either the 6BC Psittacosis 
or the “Lygranum” antigens is of particular 
significance inasmuch as the viruses of psitta- 
cosis and SBE are reported to be serologically 
related(2,3). 

Of the 481 human sera tested, 155 had C-F 
titers to the antigens of LMcN SBE and/or 
C. burneti. These titers are compared in 
Table II and show no correlation between the 
2 antigens. 

Of the 481 sera tested, 126 had titers to 
LMcN SBE and/or brucella. These titers, 
presented in Table III, also demonstrate no 
correlation between the titers to LMcN SBE 
and the titer to brucella. 

Discussion. It would seem from these find- 
ings that 6 of the 7 individuals reported in 


TABLE II.* Comparison of the Complement-Fixing 
Activity of 481 Human Sera to the Antigens of 
SBE and Q Fever. 


Titer to ——————Titer to Q fever ———_—_, 
LMcN SBE <8 1:8 1:16 1:32 1:64 1:128 
<1:8 326) 2 19 28 18 of 

ES ea 0 0 4 0 
WG a 0 1 2 2 (Ons 
1:32 12 0 0 5 2 1 
1:64 7 2 1 0 2 0 
1:128 4 od 1 0 0 al 


* Numbers in table refer to numbers of individ- 
uals. One serum reported here is not reported in 
Table ITI. 
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TABLE III.* Comparison of Complement-Fixing 

and Ageglutinating Activity of 481 Human Sera to 

the LMcN SBE Antigen and Brucella Antigen 
Respectively. 


C.F. titer to —— Brucella agglutination titers —, 
LMcN SBE Neg 20 40 80 160 320 640 1280 


<8 355 US eal: 9 7 3 4 1 
8 is) 0) ) i 1 0 0 0 
16 6 0) ) 0) Pe 0 il 0 
32 18 1 1 0 0 0 0 0 
64 9 1) 2 i 0 0 0 0 
128 A 0) 0 0 0 0) 0 0 


* Numbers in table refer to numbers of individ- 
uals. One serum reported here is not reported in 
Table II. 


Table I had C-F antibodies in their sera 
which were specific to the soluble antigen pre- 
pared from McNutt’s strain of SBE virus. 
Furthermore, it would seem that the soluble 
antigen of the McNutt strain of the virus of 
SBE is distinct from the above described 
antigens prepared from members of the psitta- 
cosis lymphogranuloma venereum group of 
viruses. If the comparison of the titers of 
these 7 sera to the 9 antigens may be consid- 
ered indicative of the specificity of the LMcN 
SBE antigen and the results tabulated in 
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Tables II and III are accepted as further sub- 
stantiation of this specificity, then it is evi- 
dent that out of 488 human sera tested, 75 
(15%) had a titer of 1:8 or higher and 5! 
of the 75 had a titer of 1:32 or higher to the 
virus of sporadic bovine encephalomyelitis. 
Further studies are in progress to determine 
the significance of these data. 

Summary. The presence of complement- 
fixing antibodies to the virus of sporadic 
bovine encephalomyelitis has been demon- 
strated in 15% of the 488 human sera tested, 
with 51 of these 75 sera showing relatively 
high titers. The apparent specificity of the 
C-F antibodies to the virus of SBE has been 
demonstrated. The suggestion is made that 
SBE is yet another disease of animals whose 
causative agent is transmissible to man. 


1. McNutt, S. H., Vet. Med., 1940, v35, 228. 

2. Menges, R. W., Harshfield, G. S., and Wenner, 
H. A., J.AV.M.A., 1953, v122, 294. 

3. Wenner, H. A., Harshfield, G. S. Chang, Te Wen., 
Menges, R. W., Am. J. Hygiene, 1953, v57, 15. 
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(Introduced by J. H. Baxter) 


From the Laboratory of Metabolism, National Heart Institute, National Institutes of Health, 
Public Health Service, Department of Health, Education, and Welfare, Bethesda, Md. 


It has been known for many years that, in 
dogs, the intravenous injection of peptone 
produces profound shock associated with in- 
coagulable blood. Later it was shown that 
the clotting defect is due to the presence of 
heparin and that the mast cells of the liver 
of shocked animals are degranulated(1). 
Shortly thereafter it was demonstrated that 
protamine reverses the coagulation defect re- 
sulting from anaphylactic shock in dogs(2) 
and subsequently heparin was isolated from 
the blood of such animals(3). The source of 
the heparin is apparently the liver, for no 
heparin could be found in the blood of 


shocked, hepatectomized dogs(2). Recently 
many organic bases, termed ‘“‘histamine liber- 
ators,” have been found to produce shock 
with some of the characteristics of anaphylaxis 
(4). This also has been accompanied by the 
release of a heparin-like substance into the 
blood of dogs. In other mammals it has usu- 
ally not been possible to demonstrate the 
presence of heparin in the blood during 
shock produced by these methods(5). Mast 
cell degranulation and disruption, however, 
has been found in rats following the adminis- 
tration of histamine liberators(6). It is well 
established that in many mammals the intra- 
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TABLE I. Summary of Data Obtained during Administration of Agents Used to Produce Anaphylactoid 
Shock in Dogs. 


Incidence of significant clearing 
factor activity 


Clotting r - . 
Shock time Anti-heparin After anti- 
No.of produced prolonged agent given Before After heparin agent 
Agent used exp. in in in shock shock Jmin. 10 min. 
Peptone (AN 7 7 4 0 a 2 0 
Compound 48/80 4 3 2 3 0 3 0 0 
Stilbamidine diisoethionate 2 2 0) 0 0) 2 — = 
Total 13 12 9 7 0 12 2 0 


* No anesthesia cr diphenhydramine in 2 exp. 


venous injection of heparin is followed by the total volume infused during the procedure 
appearance in the plasma of a lipemia “‘clear- was under 100 ml. Blood samples were taken 
ing factor’ (CF) which catalyzes the lipo- and experimental solutions were injected 
lysis of chylomicrons and low-density lipo- through a 3-way stopcock. An aliquot of 
proteins(7). Because of the heparinemia ex- each sample to be analyzed for CF activity 
isting in dogs in anaphylactoid shock, it seems was mixed with 1/10 volume 1% ethylene- 
likely that CF might also be present in their diamine tetra-acetic acid in .15 M saline and 
plasma. Levy and Swank(8) were occasion- chilled immediately in ice water(9). Clotting 
ally able to demonstrate the clearing of ali- times were determined on 2 ml aliquots. A 
mentary lipemic plasma im vivo in dogs dur- control blood sample was taken. following 
ing anaphylactic shock or shock produced by which 25 mg diphenhydramine hydrochloride 
histamine liberators, but they were unable was injected. This anti-histaminic compound 
to find any correlation between the occurrence was given to mitigate the severity and pre- 
of clearing and the presence of detectable vent a possible fatal outcome of the shock. 
blood heparin. They suggested that heparin Ten minutes after the first, a second control 
is neither essential for, nor necessarily causes, sample was taken and the shock-producing 
the production of CF. However, they also agent administered. Further blood samples 
found that protamine sulfate administration were withdrawn at intervals up to one hour 
reversed the clearing of lipemia whether or following induction of shock. In some ex- 
not heparin could be detected. periments, an anti-heparin agent was injected 

In the studies reported below CF was in- immediately following the last sample and 2 
variably present in the plasma during ana- additional samples taken one and 10 minutes 
phylactoid shock in dogs, indicating that en- later. The anti-heparin agent used was pro- 
dogenous heparin produces this substance as tamine sulfate (1-3 mg/kg) except in one 
predictably as injected heparin or heparin- experiment where 1,5-dimethyl-1,5-diazoun- 
oids. decamethylene polymethobromidet was used. 

Materials and methods. Peptone, Witte or Some dogs were used on more than one occa- 
Difco (0.2-0.3 g/kg), and the histamine lib- sion, but several days were allowed to elapse 
erators, stilbamidine diisoethionate (15 mg/ between successive experiments on the same 
kg) and a condensation product of p-methoxy- animal. Peptone was also administered to 
phenyl-ethyl-methylamine and formaldehyde rats and guinea pigs. Only single blood sam- 
known as compound 48/80* (0.5-2 mg/kg), ples were taken following the shock-producing 
were used to produce shock. Mongrel dogs injection in these animals. Clotting times 
were anesthetized with intravenous sodium were determined by a 2-tube Lee-White 
pentobarbital (28 mg/kg) and a slow saline method. Increases of double the mean of the 
infusion was started in a femoral vein. The control values were considered significant. 


= Riri supplied by Dr. E. J. deBeers, Wellcome t “Polybrene,” obtained through courtesy of Dr. 
Research Laboratories, Tuckahoe, N. Y. G. H. Berryman, Abbott Laboratories, Chicago, Ill. 
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FIG. 1. Clearing factor activity during peptone 
shock. 13.6 kg mongrel dog. Sample numbers: 
1, before sodium pentobarbital; 2, before diphen- 
hydramine; 3, before peptone; 4, 5, 6, 10, 20 and 
60 min. after peptone (0.2 g/kg); 7, 8, 1 and 10 
min, after protamine sulfate (3 mg/kg). 


DECREASE IN OPTICAL DENSITY 
IN TWO HOURS 
ro) 
w 


CF analyses were performed by incubating 
one part of plasma with 9 parts of warmed 
substrate at 38°C and following the change 
in optical density of the mixture in an Evelyn 
photoelectric colorimeter at 515 mu. The 
substrate was prepared by adding to .15 M 
saline an amount of, the chylous layer of 
lipemic human donor plasma sufficient to 
produce an optical density of 0.3-0.5. CF 
activity was considered significant when the 
optical density decreased at least .02 units in 
2 hours. 

Results. The results obtained in dogs are 
summarized in Table I. A representative ex- 
periment is shown in Fig. 1. It will be noted 
that significant CF activity was present every 
time that shock was produced, whereas it 
was never present prior to administration of 
the anaphylactoid agent.+ On 3 occasions 
this occurred in the absence of an increase in 
clotting time. On the other hand, an increase 
in clotting time was never observed in the 
absence of CF activity. In one dog receiving 
0.5 mg/kg of compound 48/80 there was no 
evidence of shock; in this animal only was no 
CF detected. The other animals given this 
drug received 1-2 mg/kg. 


t Administration of diphenhydramine alone to 2 
anesthetized dogs did not result in the appearance 
of significant CF activity up to 2 hours following 
injection. 
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On 6 occasions protamine sulfate was given 
one hour after induction of shock; on 5 of 
these CF activity was abolished in the sam- 
ples taken one and 10 minutes later. In the 
sixth instance, CF activity was undiminished 
one minute after protamine in spite of a re- 
duction of clotting time to normal, but was 
absent in the 10-minute sample. One dog re- 
ceived 2 mg/kg Polybrene instead of prota- 
mine. This substance caused a return of the 
clotting time to normal in one minute, while 
CF activity was still present, though markedly 
diminished. In the 10-minute sample CF ac- 
tivity was absent. 

Shocked dogs usually became pulseless in 
1-2 minutes. Recovery from shock usually 
began in 10-20 minutes and was complete in 
about an hour. CF activity was usually max- 
imal 30 minutes or more after induction of 
shock. 

The quantities of CF produced during ana- 
phylactoid shock were often substantially less 
than those observed following intravenous 
heparin injections which produced similar in- 
creases in clotting time. It was postulated 
that this low activity might be a function of 
the shock state itself, since previous experi- 
ments done in dogs during traumatic or 
hemorrhagic shock had shown that very little 
CF was produced following heparin injec- 
tion(10). To test this hypothesis a dog was 
given 126 U/kg heparin 2 minutes after a 
shock-inducing injection of peptone. Four 
days later the same dog was given this dose of 
heparin alone. Samples were taken for de- 
termination of CF activity just prior to 
heparin and 2, 5, 10, and 25 minutes following 
injection in both instances. Analyses were 
performed with the same substrate under 
identical conditions. The results are shown 
in Fig. 2. It is apparent that in the first case 
there was little increment in the CF activity 
already present until the circulation was par- 
tially restored. Further, the activity pro- 
duced by the same amount of heparin in the 
absence of shock was several fold greater than 
that produced during shock. This experiment 
was repeated in another dog with peptone 
administration on the second occasion rather 
than the first. Again CF activity following 
heparin was much less in the shocked state. 
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[7] HEPARIN DURING PEPTONE SHOCK 
EZ) HEPARIN ALONE 


DECREASE IN OPTICAL DENSITY 
IN ONE HOUR 


0 2 5 10 25 
MINUTES AFTER HEPARIN 
FIG. 2. Effect of peptone shock on heparin-induced 


plasma clearing factor activity. 12.3 kg mongrel 
dog. Heparin (126 U/kg) given 2 min. following 
0.3 g/kg peptone. 


The identity of the CF produced during 
anaphylactoid shock with that produced by 
heparin injection was confirmed in several 
ways. The activity fell in fraction III-1,2,3 
by low-temperature alcohol fractionation(7) 
and required albumin as a fatty acid acceptor 
(11).8 In addition, as determined by ultra- 
centrifugal analysis, plasma of a shocked dog 
caused a reduction in the concentration of 
low-density lipoproteins and an_ increased 
concentration of molecules with the flotation 
rate of alpha, lipoprotein when incubated with 
lipemic human serum(12). 

Administration of shock-producing doses 
of peptone to rats resulted in no increase in 
clotting time nor in the appearance of sig- 
nificant quantities of CF. In guinea pigs, the 
injection of 0.4 g/kg peptone frequently was 
followed by the appearance in the plasma of 
slight, but significant CF activity which could 
be promptly abolished by protamine injection. 
No change in clotting time was ever observed 
in this species. 

Discussion. Our finding that CF is in- 
variably present during anaphylactoid shock 
in dogs contrasts with that of Levy and 
Swank(8) who could observe no constant cor- 
relation between the appearance of clearing 
activity im vivo and evidence of heparinemia. 
Methodological differences probably underly 
this discrepancy. The relatively small 


§ We are indebted to Dr. Robert Gordon for these 
determinations. 
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amounts of CF usually present during shock 
might not be detectable in the plasma of an 
animal still discharging lipid-laden thoracic 
duct chyle into the general circulation. Fur- 
thermore, under these conditions the effects of 
shock on intestinal absorption and lymphatic 
flow are uncontrolled. In the in vitro assay 
system the only variable factor is the ability 
of the plasma to decrease the optical density 
of the substrate. 

The demonstration of CF activity in the 
absence of an increase in whole blood clotting 
time is not surprising, since it is well estab- 
lished that CF can be produced readily by 
amounts of heparin insufficient to alter clot- 
ting time(13), a relatively insensitive index 
of blood heparin concentration. However, 
Levy and Swank found evidence of clearing 
activity in dogs during shock in the absence 
of detectable blood heparin by the more sen- 
sitive methods of metachromatic assay and 
antithrombin activity of blood extracts, or 
thrombin inactivating power of the serum. 
Similarly, Adams(5) found no prolongation 
of clotting time in guinea pigs during ana- 
phylactic or peptone shock. Available evi- 
dence would support the hypothesis that 
smaller amounts of heparin are required to 
produce detectable CF activity than to pro- 
duce detectable alterations of the clotting 
mechanism. That this is true insofar as meta- 
chromatic assay of heparin is concerned has 
been shown previously (13). 

It is clear that less CF is produced by 
heparin during peptone shock than in the 
normal animal. It appears likely that this is 
related to interference with the normal 
processes by which the CF precursor in 
plasma and/or heparin are made available to 
the tissue factor known to be essential for CF 
production(7). Other factors, such as CF 
inhibitors, cannot be ruled out, however. 

The production of CF by endogenous 
heparin is consistent with other evidence ob- 
tained in this laboratory that heparin plays 
a physiologic role in lipid metabolism(14). 
The small quantities of heparin required for 
CF production relative to those required to 
affect blood coagulation combine to make this 
an attractive hypothesis. It has not yet been 
possible, however, to detect unquestionable 
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CF activity in normal blood by the methods 
now available. 

Summary. Endogenous heparinemia pro- 
duced during anaphylactoid shock in dogs is 
regularly accompanied by the appearance in 
the plasma of lipemia clearing factor identical 
to that produced by heparin injection. The 
significance of this finding is discussed in 
relation to the postulated role of heparin in 
lipid metabolism. 
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The central emetic mechanism has recently 
been resolved into 2 anatomically close but 
functionally distinct areas—a chemoceptive 
trigger zone and the vomiting center(1-3). 
The former structure is bilaterally situated at 
the surface of the medulla oblongata in the 
lateral region of the area postrema, and the 
vomiting center is located in the region of 
fasciculus solitarius and underlying reticular 
formation. Destruction of the trigger zone 
prevents vomiting from “central” acting drugs 
(apomorphine, morphine, Hydergine,? etc.) 
but does not affect vomiting after orally ad- 
ministered copper sulfate(4,5). 

The observation that motion sickness in 


* This work was done as part of project for the 
U. S. Air Force. 

+ The authors wish to acknowledge the valuable 
assistance of George L. Sheldon and John Wilkinson. 

¢ An equiproportional mixture of the methane- 
sulfonates of dihydroergocornine, dihydroergocristine 
and dihydroergokryptine. 


dogs(6) can also be prevented by destruction 
of the trigger zone raises the interesting possi- 
bility that certain apparently nonchemical 
emetic stimuli may actually have a chemical 
basis. It was of considerable interest, there- 
fore, to determine whether the vomiting after 
irradiation might be similarly prevented by 
ablation of the trigger zone. Indirect evidence 
that this chemosensitive area is involved are 
the recent clinical reports on the relief of 
nausea and vomiting from irradiation with 
chlorpromazine(7), an apomorphine antago- 
nist. The present experiments were designed 
to test the effect of surgical ablation of the 
trigger zone in preventing emesis in dogs after 
irradiation. 

Methods. As controls, 33 normal mongrel 
dogs weighing 7 to 13 kg were fed commercial 
dog food and 30 minutes later irradiated with 
300-800 r. A Picker deep therapy x-ray unit 
was employed with 260 KVP and 18 MA. 
The external filtration was 1 mm Al and 0.50 
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TABLE I. X-Radiation Doses Required to Pro- 


duce Vomiting in Dogs. 


Latent vomit- 


Dogs vomit- ing period Range latent 


ing/dogs after radia- vomiting 
Dose, r tested tion (min.) period (min.) 
300 1/ 6 120 120 
400 1/ 5 210 210 
600 6/10 48.8 25- 79 
800 12712 32. 9-107 


mm Cu plus 0.25 mm Cu inherent filtration. 
The target-to-object distance was 118 cm and 
the dose rate 13 r/min. in air. The dog re- 
ceived half the radiation dose on one side of 
the body, at which time he was turned and 
given the remainder of the dose. After ir- 
radiation the dogs were observed from 4 to 6 
hours unless vomiting occurred earlier. In 
the experimental series 9 similarly selected 
dogs underwent surgical ablation of the emetic 
trigger zone, as previously described(3). The 
emetic responsiveness of these animals was 
tested with apomorphine and copper sulfate 
during observation periods of 6 to 8 months. 
They were fed, exposed to 800 r as already 
outlined, and observed for 4 to 6 hours. The 
animals were sacrificed 24 to 72 hours later, 
the brains perfused 7m situ with formalin, and 
the lesions examined histologically. 

Results. Since no report could be found of 
the irradiation dose required for emesis in 
dogs, it was first necessary to establish this 
level. From Table I it is apparent that 800 r 
was adequate to cause vomiting in each of 12 
control dogs. Using the method of Litch- 
field and Wilcoxen(8) the dose required to 
produce vomiting in 50% of the animals was 
calculated to be 540 r. The latent period 
between the completion of irradiation and the 
onset of vomiting decreased somewhat with 
increasing dose. However, since the irradia- 
tion time was greater for 800 r than for 600 r, 
the total time from start of irradiation to 
vomiting was almost identical at both dosage 
levels. 

Nine dogs with surgically ablated trigger 
zones were exposed to 800 r, with no vomiting 
in any case. The destruction of the trigger 
zone was evident in every instance by the 
animal’s resistance to large doses of intra- 
venous apomorphine (1.0 mg/kg of body 
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weight). The lesion was further confirmed 
by histological examination. That the vom- 
iting center was not damaged by the surgical 
procedure in at least 7 of the 9 dogs is evi- 
dent from their normal threshold to orally- 
administered copper sulfate (40 to 80 mg). 
In one dog 160 mg of copper sulfate was 
necessary to cause vomiting, and in the re- 
maining animal vomiting could not be induced 
even with this dose. No gross or histological 
evidence of damage to the vomiting center was 
apparent. 


Discussion. This report indicates that the 
chemoceptive trigger zone is essential for the 
emetic effect of irradiation. The data sug- 
gest that the vomiting after irradiation and 
after apomorphine may have the same gen- 
eral etiology and may, in fact, depend upon 
identical or closely related chemical mediat- 
ors, é.g., acetylcholine. In support of such a 
concept is the effectiveness of chlorpromazine 
in preventing the vomiting in dogs(9) and 
humans(7) after irradiation, and after apo- 
morphine injection in dogs(10,11). The pos- 
sibility that ionizing radiation may have a 
direct rather than a mediated influence on the 
emetic trigger zone is deemed unlikely since 
shielding this area did not prevent vomiting 
when the rest of the body was irradiated(7). 


Summary. The incidence of vomiting 
among 33 dogs receiving from 300 to 800 r 
is reported. All 12 dogs exposed to 800 r 
vomited within 2 hours after completion of 
the irradiation. The 50% vomiting dose was 
540 r. No dog subjected to bilateral destruc- 
tion of the emetic chemoreceptor zone vomited 
after 800 r exposure. The significance of 
these findings is discussed. 
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Effect of Hypothalamic Lesions on Canine Neurogenic Arterial 


Hypertension.* 
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From the Division of Neurological Surgery, Johns Hopkins University, Baltimore, Md. 


That the hypothalamus plays a role in the 
regulation of the arterial tension has long 
been recognized, but it has also been known 
that it is not essential for the production of 
temporary hypertension by reflex or direct 
stimulation of the medulla oblongata. Its 
importance in the maintenance of chronic 
states of arterial hypertension has never been 
determined. The present study is concerned 
with the effect of lesions of the hypothalamus 
and its descending pathways upon chronic 
neurogenic hypertension in dogs. This type 
of hypertension is characterized by a marked 
increase in the cardiac output occasioned by 
the tachycardia which results when medullary 
cardiovascular centers are released from the 
inhibitory influence of stretch receptors in 
the carotid sinus and certain other arterial 
walls. According to some investigators, a 
polycythemia(3) and a peripheral vasocon- 
striction(1) are present as well. Neverthe- 
less the present study concerns primarily the 
influence of the hypothalamus upon the raised 
central excitatory state of medullary cardio- 
vascular centers which results subsequent to 
their release from peripheral inhibitory in- 
fluences. 

Methods. ‘Twenty-four stock dogs were 
used in these experiments. They were ren- 
dered hypertensive by bilateral resection of 
the carotid sinuses, section of the vagosym- 
pathetic trunk on one side and a section of 
the aortic depressor nerve on the other. All 
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MONTHS 
FIG. 1. (Dog 442). Indicates systolic blood pres- 


sures (ordinates) at intervals after excision of 
carotid sinus and partial vagectomy (C), and ef- 
fect of bilateral hypothalamic lesions in septal 
region (Section 153), later meduilary reticular 
lesions (Section 98) and finally larger lesions on 
the right side of anterior hypothalamus (Section 
161). Although the pressures vary considerably, 
there was no consistent change following any of 
these procedures. Abbreviations used in the illus- 
trations are as follows: C—moderator nerve sec- 
tion. CC—corpus callosum. CP—pedunceularis cere- 
bri. CR—corpus restiforme. HL—hypothalamie 
lesions. LG—corpus geniculatum laterale. M— 
corpus mammillare. MD—nucleus medialis dorsalis. 
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ML—medullary lesions. NC—nucleus caudatus. 

NR—nueleus ruber. P—pulvinar. PC—commisura 

posterior. S—nucleus subthalamicus. Sac—saeri- 

fice. Tr Cs—tractus corticospinalis. V—tractus 

spinalis nervi trigeminus. VIII—nervus acusticus. 
X—nucleus dorsalis yagi. 


blood pressure determinations were made by 
percutaneous puncture of the femoral artery. 
When the hypertension was well established 
as determined by 3 or 4 systolic arterial pres- 
sures over 160 (usually 180-200 mm Hg), 
bilateral lesions were made in the hypothala- 
mus or adjoining regions. These lesions were 
produced by inserting parallel needles, sep- 
arated 4 mm and insulated except at the tips, 
through a midline burr hole into the hypo- 
thalamus. The position of the needles 
was controlled radiographically. An electro- 
cautery current was passed for 30 sec- 
onds through each needle using a setting of 
20 or 30 on the electrosurgical unit, which 
current would just coagulate the surface mus- 
culature. The resultant lesions varied some- 
what in size, presumably due to escape of the 
current at points other than the tips of the 
electrodes. In early experiments an attempt 
was made to coagulate at points which gave 
pressor responses upon electrical stimulation 
but in later experiments, the lesions were 
made without prior stimulation in various 
parts of the hypothalamus and brain stem. 
All surgical procedures were carried out un- 
der general anesthesia and under aseptic con- 
ditions. Blood pressures were recorded for 
periods of 6-20 months after the production 
of neurogenic hypertension. In some experi- 
ments cortical ablations were made and if the 
elevated arterial pressure persisted after 6-12 
months hypothalamic lesions were produced; 
finally lesions were placed in the brain stem 
of the still hypertensive dogs as shown in 
Table I. The animals were sacrificed under 
anesthesia and the brain, eyes, adrenals, kid- 
neys, heart and thyroid removed for histo- 
logical study. The brain was sectioned 
serially and stained for cells by Nissl’s technic 
and for myelin by Weil’s method. 

Results. Of the 24 dogs utilized in these 
experiments, 14 survived sufficiently long to 
give significant results. The majority of dogs 
in which subsequent larger brain stem lesions 
were made did not survive the procedure for 


TABLE I. Results of Hypothalamic Lesions. 


———R esult——, 


B. P. range 


Mo after hypo- 
thalamic lesion 


13%, 123 


Site of hypothalamic lesion 
Dorsal to optic chiasm (N. med. preoptic) 


R.—ant. paravent. 


Remarks 


Avg 
175 
200 


(avg) 


Preliminary bilateral frontal lobectomy 


Hypothalamic lesions made first 


150-190 
170-220 


L.—ant. limb. int. cap. at optie chiasm 


12 
6 


150 
200 


HYPERTENSION 


Preliminary bilateral occipital lobectomy ; later medullary lesions 


Preliminary bilateral orbital gyrectomy 
X-ray localization lesions only; brain too decomposed for study 


2 pairs hypothalamie lesions, 1 pair medullary 


Preliminary bilateral ablation of motor cortex; died 1 mo P. O. 
Medullary lesions caused death in 1 wk 


Preliminary lesions of orbital gyri bilaterally 
Preliminary bilateral frontal lobectomy 


Preliminary bilateral cingular gyrectomy 
Died after 2nd series hypothal. lesions 
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(died) 


COENEN ILO SOKO 


N. tr. peduncul, trans. 


Medullary lesions and second large post. hypothal. lesions 


185 


150-240 


R.—N. mam. & N. interped. 
L.—N. interpeduncul. 
R.—N. interpeduncul. 


200 


Died after 2nd series hypothal. lesions 


175 


130-210 


L.—N. mam. & N. interped. 


* Lesions not clearly defined in sections available, 
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FIG. 2. (Dog 444). Indicates systolic blood pres- 
sures at intervals after induction of neurogenic 
hypertension (C) by carotid sinusectomy and par- 
tial vagectomy (repeated because of failure to 
maintain a hypertension (V)) and effeet of bi- 
lateral hypothalamic lesions at level of subthalamic 
nuclei, and finally large lesions of the rostral pons 
from which the animal succumbed within a week. 


more than a few hours or several days. 

The site and the number of the electro- 
cautery lesions and the brain stem incisions 
together with their resultant effect upon the 
neurogenic hypertension are listed in Table I. 
Most of the hypothalamic lesions were situ- 
ated in its posterior extent in order to inter- 
rupt as many descending fiber tracts as pos- 
sible, but neither anterior (Fig. 1) nor pos- 
terior (Fig. 2 and 3) electrocautery lesions, 
compatible with survival of the dog, resulted 
in a persistent fall in the arterial hypertension. 


Incisions were made in the reticular sub- 
stance of the medulla near the level of the 
lateral recess in 3 dogs with well developed 
neurogenic hypertension. One of these dogs 
died on the fourth postoperative day after 
having regained a blood pressure level of 170 
mm Hg. The other 2 dogs had a marked but 
transient fall in their blood pressures (Fig. 2). 
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By the end of the second postoperative week 
their hypertension had returned, and it per- 
sisted for the following 3 months period of 
observation. In a fourth dog (H24), small 
bilateral, transverse incisions in the region of 
the cephalic extent of the dorsal motor nucleus 
of the vagus nerve failed to prevent the de- 
velopment of chronic neurogenic hypertension. 
In the sections made of the eyes, adrenals, 
kidneys, heart and thyroid no abnormality 
was seen. 

Discussion. This study would seem to in- 
dicate that the heightened activity of medul- 
lary cardiovascular centers which is occa- 
sioned by their release from the inhibitory 
influence of the moderator nerves is not per- 
manently influenced to a significant degree by 
lesions of the hypothalamus and its descend- 
ing pathways compatible with the survival of 
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FIG. 3. (Dog 447). Indicates systolic blood pres- 
sures at intervals after induction of neurogenic 
hypertension (C) and effect of hypothalamic le- 
sions destroying right mammillary body and dam- 
aging left retro-mammillary area (lesions marked 
1 in sections 113 and 97), then bilateral lesions of 
medullary reticular areas (Section M97) and finally 
a large lesion of floor of aqueduct of Sylyius 
(lesions marked 2 in sections 113, 97 and 89). In 
spite of the extent of these lesions, and the event- 
ual virtual destruction of the periaqueductal gray 
matter, blood pressure remained high until the 
animal's death 10 days after the last operation. 
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the dogs. It appears that the main source 
of nervous energy concerned with the main- 
tenance of the hypertension induced by sec- 
tion of the moderator nerves is derived from 
medullary cardiovascular centers. Our _ re- 
sults suggest that the most important chronic 
inhibitory influence upon these centers is the 
moderator nerve system, for although certain 
autonomic zones of the cerebral cortex, hypo- 
thalamus, and the upper brain stem are 
capable of vasomotor effects when excited 
electrically, their elimination to a greater or 
lesser extent does not necessarily modify the 
activity of the medullary cardiovascular 
centers in dogs with neurogenic hypertension. 
In fact, the pressor and depressor responses 
elicited from these higher levels of the central 
nervous system are as marked in hypertensive 
as in normotensive animals(2). These ob- 
servations have led us to the conclusion that 
the neurogenic function of cardiovascular 
“centers” situated cephalad to those in the 
medulla is directed toward a modulation of 
the existing cardiovascular status for tem- 
porary needs without regard for the prevailing 
blood pressure level or pulse rate. Thus our 
concept of the neurogenic control of the 
arterial tension is that the moderator nerve 
system acting at the medullary level is the 
most important homeostatic influence upon 
the blood pressure and that higher levels of 
the central nervous system produce essentially 
temporary modulating influences upon these 
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vital centers. This does not deny that such 
temporary cardiovascular effects repeatedly 
induced might not result in a state of chronic 
hypertension in some indirect fashion such as 
by altering renal hemodynamics, but it seems 
to us unlikely that a purely neurogenic type 
of chronic hypertension would frequently 
exist without a disturbance of cardiovascular 
regulatory functions at the medullary level. 


Summary. Chronic neurogenic hyperten- 
sion in dogs induced by moderator nerve 
section producing an increase in the central 
excitatory state of the medullary cardiovas- 
cular centers, is not permanently influenced 
to a significant degree by lesions of the 
hypothalamus or its descending pathways 
compatible with survival of the animals. It 
is suggested that the most important neuro- 
genic homeostatic influence upon the arterial 
tension is exerted by the moderator nerves at 
the medullary level and that higher levels of 
the central nervous system act as temporary 
modulating influences in response to momen- 
tary needs rather than as chronic adjusters of 
the arterial tension. 
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In vitro Induction of Cartilage in Mouse Somite Mesoderm by Embryonic 
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Evidence has been accumulating that the 
origin of axial cartilage in fish(1), amphibia 
(2), and the chick(3) is dependent upon 
association of somite mesoderm with spinal 
cord. An inductive influence of some kind 
between the 2 tissues has been postulated. 
Inductive tissue interaction in mammals re- 
cently has been described in simple 2-com- 


ponent systems im vitro(4), offering oppor- 
tunity for analysis of mechanism(5). The 
present experiments were designed to deter- 
mine whether inductive effects between spinal 
cord and somites could be demonstrated un- 
der similar conditions. For this purpose 
clusters of somites from 9-day mouse embryos 
were cultured in the presence or absence of 
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9-day mouse embryo spinal cord. 

Materials and methods. All embryos were 
from the cross of highly inbred BALB/C fe- 
males and C3H males. On the 9th day follow- 
ing the discovery of a vaginal plug females 
were killed by cervical dislocation and the em- 
bryos removed aseptically. From each embryo 
the transverse section containing somites 5 
through 12 was dissected, and the region in- 
cluding the somites and the interjacent spinal 
cord isolated. This region was placed for sev- 
eral minutes in 3% trypsin in Tyrode’s solu- 
tion without calcium and magnesium salts(6). 
By drawing the tissue back and forth through 
a pipette orifice slightly smaller than the 
piece, accompanied by gentle manipulation 
with a knife, the somitic masses and the spinal 
cord could be separated from the loose mesen- 
chyme with very little apparent damage to 
either. Somites in earlier stages of develop- 
ment (total somite counts below 20) sepa- 
rated individually and intact in the trypsin 
solution while the more advanced stages had 
to be cut apart. The latter may have in- 
cluded some mesoderm beyond the somite 
proper. Spinal cord pieces, at least largely 
free of mesoderm, were cut for culturing as 
complete lateral hemisections approximately 
0.4 mm long. Tissues were cultured in Carrel 
D-3.5 flasks contaning a clot of 0.6 ml of 
chicken plasma and 0.8 ml of nutrient medium 
(horse serum, Tyrode’s solution and 9-day 
chick embryo extract in 2:2:1 ratio). One 
milliliter of the nutrient was added as a 
supernatant which was changed daily. Tissues 
were oriented in a loose cluster in the clotting 
mixture at the glass-clot interface. Groups of 
8 somites (numbers 5-12 inclusive) from the 
right or left sides of each embryo were cul- 
tured in separate clusters. Those from one 
side served as controls cultured without spinal 
cord, those from the other side were experi- 
mentals combined in a cluster with spinal 
cord. Direct comparison was made only be- 
tween such paired cultures. Explants were 
in culture for 4 to 7 days, and were examined 
and recorded daily. Four pairs of cultures 
were fixed for sectioning, 3 on the fourth and 
one on the fifth day. The others were con- 
tinued for 6 or 7 days and then implanted, 
by a procedure previously described(7), into 
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the anterior chamber of the eye of adult males 
where they were left for an additional period 
of 8 to 20 days. In all, 57 cultures were 
prepared, 29 with spinal cord and 28 without. 
Cultures were fixed in Bouins (B-15) with 
1% urea, eye implants in Zenker’s with acetic 
acid. All tissues were serially sectioned at 
10 microns and stained with hematoxylin and 
eosin. Embryos ranged in developmental 
stage from 12 to 26 somites. Somites from 
the earlier stages were simple _block-like 
masses without evidence of regional differen- 
tiation into myotome, dermatome and sclero- 
tome. Somites from the later stages, on the 
other hand, were distinctly differentiated, 
with dermatome and myotome distinguishable 
from the looser sclerotome. 

Results. Culture behavior. By 24 hours in 
culture, somite clusters without spinal cord 
had fused and spread into a thin sheet. On 
continued culturing the sheet increased in 
diameter, becoming thinner and more trans- 
parent but remaining fairly cohesive with 
little peripheral migration of individual cells. 
All cultures of somites from embryos having 
fewer than 25 somites remained homogeneous 
(Fig. 1) throughout the culture period, with 
the exception of transitory formation of one 
or 2 tubule-like structures in a few cases. 
Two of 6 cultures of somites from embryos 
possessing 25 or 26 somites showed markedly 
different behavior. They were faster spread- 
ing, denser centrally, and formed cartilage 
rods and nodules in the denser area. 

Somite clusters with spinal cord also showed 
rapid fusion, with some impression that the 
initial spreading of individual somites was 
faster in the direction of the spinal cord. 
After complete encirclement of the cord frag- 
ment, the tissue seemed thickest around the 
cord and thinned toward a border of periph- 
eral, healthy fibroblast-like cells. Most cul- 
tures appeared heterogeneous centrally, and 
were larger in diameter than their simpler 
controls. Of 26 cases held 5 or more days in 
culture 23 formed cartilage rods and nodules 
in the thicker central area (Fig. 2). The 3 
negative cases involved somites from embryos 
possessing 15-19 somites. Two of these 
formed cartilage or bone on subsequent im- 
plantation into the eye, the third did not. 
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FIG. 1. Somites alone on 6th day in culture. 
BIG. 2. Somites with spinal cord on 6th day in culture. 

FIG. 3. As Fig. 2, stained section through cartilage nodule and edge of spinal cord tissue. 
FIG. 4. Stained section of culture of somites alone after 18 days in anterior chamber of eye. 
FIG. 5. Stained section of culture of somites and spinal cord.after 18 days in anterior 


chamber of eye. 
Magnification, Fig. 1, 2 = 33; Fig. 3-5 = 84. AD — adipose tissue; CAR = cartilage; 
SP = spinal cord. 


‘Cartilage formation in culture usually was reminiscent of relations 7 vivo. However, 
not immediately adjacent to the cord. This, these relations im vitro were notably variable, 
together with the frequent conformance of the presumably in expression of tensional and 
shape of the cartilage to that of the cord, was other variations of culture conditions, and 
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their significance is not clear from the limited 
available data. In addition to the cartilage, 
small tubule-like structures appeared transi- 
torily in several of the spinal cord cultures as 
in the controls. 


Culture histology. Cross-sections of the 
clots fixed on the fourth and fifth days 
showed, in the absence of spinal cord, a thin 
layer generally not more than 1-3 cell layers 
thick, in which degenerating cells were present 
in varying frequency. There was little or no 
mitosis and no differentiation. In contrast, 
where spinal cord had been added the cultures 
were considerably thicker, especially in the 
vicinity of the spinal cord, and there was little 
evidence of cell degeneration except in the 
cord itself where healthy and degenerating 
areas were interspersed. Mitoses were dis- 
cernible in the mesenchyme although not in 
particularly high frequency. The culture 
(24-somite stage) fixed on the fifth day 
showed well developed cartilage with sur- 
rounding perichondrium (Fig. 3). 


Implant behavior. The thin, homogeneous 
cultures of somites alone underwent little or 
no growth when transplanted into the eye. 
With increasing time, the implants tended to 
become smaller until frequently only a thin 
diffuse remnant could be observed adhering 
to the cornea. Sections (Fig. 4) showed the 
implants to consist of a healthy but nonde- 
script fibroid mass plus, where the source was 
embryos of somite number greater than 20, 
adipose tissue.* In 4 cases no trace of the 
implant could be tound. The 2 exceptional 
cultures which showed heterogeneity and car- 
tilage formation im vitro continued their ex- 
ceptional behavior in the eye. These cultures 
of somites from 25 or 26-somite embryos 
formed healthy, vigorous masses which on sec- 
tioning were found to contain fibrous and 
adipose tissue as well as cartilage and bone. 
A third culture, from a 26-somite embryo, 
produced cartilage and bone in the eye al- 


* Adipose tissue is here used to refer both to 
brown or hibernating fat and to white fat with 
typical signet-cells. Both types occurred in im- 
plants, occasionally as lobes of only one type, more 
usually as mixed masses with one type grading into 
the other. 
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though cartilage was not certainly identifiable 
during the im vitro period. 

Cultures of somites combined with spinal 
cord, when implanted into the eye, character- 
istically rounded into a mass which became 
vascularized and grew vigorously. Opacities 
of varying size and shape could be discerned 
within the implants and, after the first week, 
adipose tissue appeared, frequently increasing 
to such an extent as to obscure other tissues. 
Sections of these implants (Fig. 5) showed 
either cartilage or bone, or both, in all but 
one case. Bone, well-differentiated with a 
surrounding periosteum and central hemato- 
poietic tissue, usually had replaced most of 
the cartilage. Adipose tissue, with intermixed 
fibrous tissue, was conspicuous. In several 
cases large lymphoid masses were present. 

Discussion. The results demonstrate that 
somites 5-12 of mouse embryos possessing a 
total of 12-24 somites do not form cartilage 
or bone when isolated in culture under the 
conditions specified, or upon subsequent im- 
plantation of the cultured tissue into the eye. 
Such somites combined with spinal cord, on 
the other hand, nearly invariably produce 
cartilage nodules in culture, and on subse- 
quent implantation into the eye the cartilage 
is replaced in whole or in part by bone. 
Somites 5-12 without spinal cord, when taken 
from embryos beyond the 24-somite stage, do 
produce cartilage or bone in about half the 
cases in culture or on subsequent implanta- 
tion, suggesting that at this later stage in- 
trinsic tendencies toward differentiation of 
skeletal tissues have stabilized sufficiently to 
be manifested under these culture conditions. 

The results give some support to the notion, 
based on studies of fish, amphibia, and the 
chick(1-3), that the spinal cord plays an in- 
ductive role in the formation of the axial 
skeleton. It must be noted, however, that the 
fact that spinal cord can induce cartilage for- 
mation in mouse somite material in vitro, 
while definitely suggestive, is not conclusive 
in demonstrating that it does function in this 
way in normal mammalian development. 
Caution is particularly indicated since a num- 
ber of agents have been found to promote 
ectopic cartilage formation in adult mammals 
(8), and spinal cord is known to have not only 
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tissue proliferative effects(9), but other mor- 
phogenetic effects which it clearly does not 
exert in normal development, e.g., tubule in- 
duction in nephrogenic mesenchyme(5,10). 
The possible complexity of the spinal cord 
effect is suggested in the reported data, since 
the somite behavior is altered not only in its 
production of skeletal tissues, but in its much 
greater growth both in culture and in the eye, 
and in the formation of hematopoietic and 
occasional lymphoid tissue. 

The mechanism of the spinal cord influence 
cannot be determined from available informa- 
tion. The usual appearance in vitro of car- 
tilage at some distance from the cord frag- 
ment suggests that the influence may not de- 
pend upon direct contact between the inter- 
acting cellular masses. The possibility of a 
diffusible material, effective at some sub- 
maximal concentration and hence at a dis- 
tance from the central source, has not received 
support from preliminary unpublished experi- 
ments involving interposition of a filter 
barrier through which effects of spinal cord 
on nephrogenic mesenchyme have been dem- 
onstrated(5). It will be of interest to deter- 
mine whether the tubule-inducing and carti- 
lage-inducing properties of embryonic spinal 
cord depend on the same or different 
mechanisms. 

The frequent and conspicuous occurrence 
of adipose tissue and the absence of muscle in 
the grafts are of interest. Muscle might have 
been expected considering that the entire 
somite mass, including presumptive myotome, 
was explanted, and recalling that muscle was 
conspicuously present in intra-ocular grafts of 
similarly pre-cultured embryonic shields(11). 
‘That its absence is related to changes under- 
gone by the somites while in culture is sug- 
gested by preliminary experiments involving 
shorter culture periods (unpublished data). 
Striated muscle has occurred abundantly, 
along with cartilage and bone, in implanted 
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somite-spinal cord cultures of 24-hour dura- 
tion. Similarly, evidence is accumulating that 
formation of adipose tissue is favored by 
longer periods of culture of nephrogenic 
mesenchyme, and this same mesenchyme can 
form striated muscle when combined with 
spinal cord in implants (unpublished data). 
Taken together, the data suggest that con- 
densed mesenchyme from several embryonic 
sources can to a considerable degree be con- 
trolled in its subsequent differentiation in vivo 
by proper manipulation in vitro. The possi- 
bilities of analysis of the causal mechanisms 
in histogenesis of mammalian mesenchyme are 
thereby enhanced. 


Summary. Somite mesoderm from the an- 
terior region of mouse embryos possessing 
fewer than 25 somites fails to produce car- 
tilage or bone either in culture or on subse- 
quent implantation into the anterior chamber 
of the eye. When combined in culture with 
pieces of spinal cord from the same stage 
embryos, however, the mesoderm differenti- 
ates cartilage nodules in culture and produces 
bone including hematopoietic tissue, adipose 
tissue and occasional lymphoid tissue on im- 
plantation into the eye. 
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Alloxan in Blood Plasma before and after Ingestion of Glucose. 


(20925) 


Harry SOBOTKA AND ANITA V. LUISADA-OPPER. 


From the Department of Chemistry, Mount Sinai Hospital, N. Y. City. 


The parenteral injection of alloxan to ani- 
mals produces a syndrome, which resembles 
in many respects diabetes mellitus. Typical 
lesions have been observed in the pancreas. 
The question remains open, whether some of 
the collateral symptoms are manifestations 
of diabetes, or primary signs of alloxan 
poisoning. Studies of the reverse effect, 
namely of carbohydrate intake upon alloxan 
metabolism, may throw light on the mech- 
anism underlying ‘alloxan diabetes.” The 
quantitative analysis of alloxan in body fluids 
is a capricious problem, because of the great 
reactivity of this compound with numerous 
oxidizable constituents of the blood serum. 
Archibald(1) has described 6 methods for the 
quantitative determination of alloxan and 
recommends the sixth method(1, p. 634) as 
the most sensitive one for the small amounts 
present in blood plasma. This photofluoro- 
metric method, based on the fluorescent con- 
densation product of phenylenediamine with 
alloxan, gives according to Archibald values 
of less than 0.02 mg per 100 ml of plasma of 
dog or man. Shigler(2) using this method, 
finds 0.015-0.030 mg in 100 ml of plasma in 
fasting rats and similar values in horse and 
man. Shigler, in his preliminary report, de- 
scribes what he calls “provoked” blood al- 
loxan upon feeding glucose, pyruvic acid, 
succinic acid or fumaric acid in quantities of 
one g/kg of body weight to rats. The blood 
alloxan in his experiment rises to values from 
0.55 to 1.10 mg/100 ml. Huisman, Van 
Hulten, and Stel(3) could not reproduce these 
findings in rats. Their values for blood al- 
loxan in fasting rats average 0.115 mg/100 
ml and, after ingestion of one g glucose/onekg 
body weight, 0.110 mg/100 ml. Thus, their 
fasting values are about 5 times higher than 
those of Archibald and Shigler and no pro- 
voked alloxan was observed. 


Results. In experiments on dogs we find 
normal fasting alloxan values of 0.125-0.175 
mg/100 ml. Upon administration of 5 g 


TABLE I. Plasma Alloxan in the Normal Dog: 
(mg/100 ml). 


Fast- 
Exp, img 30min Phr iS br 2 he 3 hr 
1 playa gt KG = 165 — .090 
2 BSS ABS 155 = 170 145 


Fasting alloxan in 2 other dogs was: .125 mg/100 ml 
160 i 


All analytical results are averages of duplicates. 
Blood filtrates were prepared by the Folin-Wu 
method, which yielded the same results as the 
method of Herbert, Bourne and Greene(5) used 
by Archibald. 


glucose/kg of body weight the alloxan values: 
showed but minor fluctuations from 0.090- 
0.235 mg/100 ml during the 3 ensuing hours. 

In 9 patients we obtained fasting values 
from 0.075-0.240 mg alloxan/100 ml. Six 
other patients were given glucose at the rate 
of 1.75 g/kg of body weight and both their 
blood alloxan and glucose were determined 
before and 30 minutes, one, 2 and 3 hours 
after administration. Here again the fasting 
alloxan values varied from 0.115 to 0.270 
mg/100 ml and the irregular postprandial 
fluctuations were within the same range. 
Fasting and non-fasting values above 0.200 
mg/100 ml were confined to cases 4, 5, and 6, 
suffering from diabetes. 


As regards the higher fasting values found 
by Huisman ef al. and ourselves, we have con- 
firmed that the fluorescence of the standards 
develops rather slowly, reaching a maximum 
between 16 and 24 hours(4). The plasma 
alloxan develops maximum fluorescence with- 
in one hour. Thus, the immediate comparison 
would yield even higher levels. Our results 
extend the observation made by Huisman 
et al. in rats on the absence of alloxan pro- 
vocation by glucose ingestion to dog and man. 

Summary. Using Archibald’s photofluoro- 
metric orthophenylene diamine method for 
plasma alloxan, we find plasma alloxan values 
of 0.1-0.2 mg in 100 ml of plasma for normal 
dogs and man. Slightly higher fasting values 
were observed in 3 cases of diabetes. No 
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TABLE II. Plasma Alloxan and Glucose in 6 Patients. 


Initials G.M. S.M. 8.8. ine S.W. E.S. 
‘ Necr.of Adrenal Diab. & Cirrhosis 
Diagnosis pancreas hypotens. Glom.nephr. nephr. Diab. & Diab. 
Alloxan ; 
(hr) 
Fasting 150 200 120 “200 mo 235 
Ww 210 .150 105 265 .240 .090 
1 .210 110 125 080 .280 .195 
2 165 135 eG .285 225 200 
3 = 140 .130 .240 .240 200 
Glueose (Folin-Wu) 
(hr) 
Fasting 90) 103 107 93 140 190 
Ww 146 172 250) 198 218 310 
i 94 216 294 240 316 300 
2 94 162 280 183 254 382 
3 94 165 193 128 250 398 


significant increase in plasma alloxan was 
provoked by a glucose meal in man and dog. 
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Method for Separation of Human Epidermis into Cellular and Keratinous 


Components.* 


(20926) 


PETER FLESCH AND ABRAHAM SATANOVE. (Introduced by P. Gyorgy) 
From the Department of Dermatology, University of Pennsylvania School of Medicine, Philadelphia. 


One of the major difficulties which has 
hampered experimental work on human epi- 
dermis is its heterogeneous composition. 
Experiments done on whole epidermis do not 
differentiate between the cellular components 
and the inert keratinous fibers. This paper 
describes a simple method for the separation 
of pulverized, dry human epidermis into its 
keratinous and cellular layers. 

Methods. Human epidermis from autopsy 
or surgical material was separated from the 
corium with the stretch method(1), dried, 
pulverized in a mortar and passed through a 
200-mesh sieve. The resulting powder was 
defatted by washing 3 times with ether in a 
centrifuge tube. Before the last washing the 


* This investigation was supported by Research 
Grant, U. S. Public Health Service. 


epidermal powder was allowed to settle and 
then centrifuged at moderate speed, where- 
upon 2 layers developed in the precipitate. 
After drying, the 2 layers could be separated 
easily. The upper layer was lightly pig- 
mented and of chalk-like appearance, while 
the lower layer was darker and granular 
(Fig. 1). Powder from each of the 2 layers 
was embedded in paraffin, sectioned and 
stained with various histochemical reagents, 
such as Schiff’s reagent and the Barrnett- 
Seligman stain for sulfhydryl groups(2.3), 
and with Giemsa stain. Sulfhydryl groups 
and disulfide bonds in each layer of the dry 
powder were determined with Bennett’s re- 
agent(4,5) quantitatively. 


Results. Microscopic studies showed that 
the upper layer consisted mainly of Schiff- 
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a 


FIG. 1. Separation of pulverized human epidermis into two fractions. A. Lower dark cellu- 
lar component. B. Upper light keratinous component. 


FIG. 2. 


Microscopic appearance of components of pulverized human epidermis (Giemsa 


stain, 200% enlarged). A. Lower cellular fraction. B. Upper keratinous fraction. 


negative particles with an occasional scat- 
tered nuclear remnant, while the lower layer 
contained mostly clumps of deeply staining 
nucleated Schiff-positive cells. Similar ob- 
servations were made with the Giemsa stain 
(Fig. 2). The histochemical sulfhydryl re- 
action was positive in sections from both 
layers. 

Preliminary estimations of sulfhydryl and 
disulfide in powders from both layers of 8 
samples of human white abdominal epidermis 
extended previous data obtained on plantar 
epidermis(5). There was approximately a 
20% lower —S—S- content in the lower layer. 
The values of the -SH groups of the upper 
layer were two-thirds that of the lower layer. 


These values comprised only a fraction of 
the “total”. (-SH-+-—S-S—) sulfur, about 20% 
in the lower and 9% in the upper layer. 
Discussion. The present method permits 
the study of epidermal components in various 
stages of their differentiation. It opens up 
new avenues for the investigation of various 
epidermal functions, such as pigment forma- 
tion, keratinization and enzymatic activities. 
The latter studies are made possible by the 
fact that upon centrifugation, incompletely 
homogenized wet epidermis also separates into 
keratinous and cellular fractions. Since com- 
ponents of the same tissues are used, the same 
epidermis can serve as its own control. 
Estimations of -SH and —S-S— groups in 
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the 2 layers support the previously advanced 
concept that a disulfide containing keratin 
precursor is present in the lower layers of 
the epidermis. Oxidation of —SH groups in 
the upper Malpighian layer accounts only for 
a fraction of the -S-S— bonds present in the 
horny layer. In other words, epidermal 
keratinization starts in the depth of the Mal- 
pighian layer. Preliminary experiments sug- 
gest that deviations from this normal pattern 
occur in pathologic specimens. 

Summary. A method is described for the 
separation of human epidermis into a nucle- 
ated cellular and into a keratinous component. 
Estimations of -SH groups and —S—S— bonds 
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in these 2 components support a previous 
theory that epidermal keratinization starts 
in the depth of the Malpighian layer. 
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Partial Protection Against Odoratism (Sweet Pea Lathyrism) by Diets 


High in Gelatin or Casein. 


(20927) 


WALDEMAR Daster. (Introduced by Richard G. Roberts) 
From the Department of Biochemistry, The Chicago Medical School, Chicago, Ill. 


Odoratism, the experimental lathyrism re- 
sulting from the feeding of the seed of the 
flowering sweet pea (lathyrus odoratus) ,* was 
first produced in the rat over 20 years ago(1), 
yet it has not been possible to decrease the 
toxic effect of sweet pea diets by the ad- 
ministration of a protective agent. Lewis and 
his coworkers(2,3) were unable to prevent or 
delay the onset of odoratism by incorporating 
casein into the experimental diet in levels up 
to 25%. For this reason it has been felt 
that a deficiency in amino acids or in protein 
is not involved in odoratism(2-5). However, 
it appears to this author that the tissues 
which are primarily affected in odoratism in 
the rat are those which are high in collagen: 
viz., bone(1,3,4,6), blood vessels(4), and 
skin.t It seems likely, therefore, that a dis- 
turbance in collagen metabolism (or connec- 
tive tissue metabolism, is involved. 


Because collagen differs so markedly from 


* The author is indebted to Mr. Raymond H. 
Coulter of the Ferry-Morse Seed Co., Detroit, who 
generously supplied the sweet peas used in this and 
in related studies. 

+t Observations to be reported elsewhere. 


TABLE I. Composition of Diets. 


Diet 

ie ec a LI eave Ve Ay Davee 
Ground sweet peas 50 50 40 40 30 30 30 
Casein* KOO 0) ANG! AN) AI@)> 280) 
Gelatint 30 3 30 
Starch 30:--—— 40° 10) 50) 20) 20 
Brewer's yeast BEANS i Gd NE 
Salts+ ded ad ae he ae 
Cod liver oil 2 2 2 2 2 2 2 


*GBI easein, plain, untreated (not vitamin- 
free). 

t Bacteriological grade. 

t Hubbel, Mendel and Wakeman salt mixture(7). 


other natural proteins in its hydroxyproline 
content, it was thought to be of interest to 
feed hydroxyproline to rats receiving sweet 
pea diets. Gelatin was used as a source of 
hydroxyproline. Control groups were given 
sweet pea diets in which the gelatin was either 
omitted or replaced by casein. 

Methods. Weanling male rats 22 days of 
age and 43-53 g in weight were used. The 
diets were made up as shown in Table I. Each 
diet was fed to 5 rats, individually caged. All 
diets were supplied ad libitum. Criterion of 
toxicity. Gross manifestations of skeletal 
change were used as the criterion of toxicity. 


FIG. 1. Top row: Inner and outer 
(2) and from control rats (1), 


and induced by limited range of movement of j 


imal portions of mandibles. Bottom row: 


aspects of mandibles from rats with advanced odoratism 
Note also notching of incisors, probably mevhanieal in origin 

aw due to striking overgrowth of bone in prox- 
Opposite aspects of femur from a rat with advanced 
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odoratism (2), and of a femur from its pair-fed control rat (1). 


Spectacular skeletal changes take place in rats 
receiving sweet pea diets(1,3,4,6). Fig. 1 
illustrates extreme examples of malformations 
which occur in femurs and in mandibles of 
growing rats receiving a diet containing 50% 
sweet peas and 10% casein for 21 days. When 
this diet is fed to weanling rats, exostoses on 
the ventral and lateral aspects of the mandi- 


bles can be palpated in all rats at the end 
of one week. These become progressively 
worse. Spinal curvatures and sternal curva- 
tures which may assume fantastic proportions 
occur in 2 to 3 weeks. Paralysis of the rear 
legs and urinary distention of the bladder 


(incontinence) frequently occur after about 
3 weeks on the diet. 
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TABLE II. Average Weekly Weights of Rats 
Receiving 30% Sweet Peas. 
Diet VI Diet VII 

No. of Diet V, (high gelatin), (high casein), 
days g g g 

0 45.7 48.0 46.1 

7 71.5 60.6 68.4 

14 96.4 81.9 97.9 

21 120.2 110.3 140.0 

28 122.5 127.8 161.2 

Results. High levels both of gelatin and 


of casein were found to be partially protec- 
tive against the toxicity of sweet peas. Casein 
gave better protection than gelatin. Growth 
records of the rats receiving 30% sweet peas 
are given in Table II. The following is a 
summary of the observations. 

Diet V (30% sweet peas, 10% casein; 5 
rats). Two weeks. Palpable exostoses on 
mandibles of all rats. Sternal curvature or 
groove in thoracic cage in 4 rats; in one of 
these, the sternal curvature is severe. Three 
weeks. Moderate to severe spinal and sternal 
curvatures in all rats. Decreased muscle tone. 
One rat paralyzed. Prominent mandibular ex- 
ostoses in all rats. Four weeks. One rat dead; 
2 others paralyzed, one of the latter is incon- 
tinent. Living rats have all classical symp- 
toms of advanced odoratism including very 
prominent palpable mandibular exostoses and 
spinal and sternal curvatures. 

Diet VI (30% sweet peas, 30% gelatin, 
10% casein; 5 rats). Two weeks. Palpable 
thoracic groove or sternal curvature in 3 rats. 
Slight or questionable palpable mandibular 
exostoses in same 3 rats. Three weeks. Rats 
much more active than preceding group (Diet 
V). Good muscle tone. Mandibular exos- 
toses absent or questionable in all rats. Severe 
sternal curvature in one rat, slight to mod- 
erate in 3 others. Four weeks. All rats living 
and active. Mandibular exostoses absent, 
slight, or questionable. No paralysis. All 
have more or less spinal and sternal curva- 
tures, but much less severe than preceding 
_ group (Diet V). Better muscle tone than pre- 
ceding group. 

Diet VII (30% sweet peas, 40% casein; 
5 rats). Two weeks. No mandibular exos- 
toses. Four rats entirely normal. One rat 
has palpable sternal curvature. Three weeks. 
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No mandibular exostoses. Three rats en- 
tirely normal. Two rats have moderate to 
severe sternal curvatures: one of these has a 
spinal curvature. Four weeks. No mandibu- 
lar exostoses. Good muscle tone. Three rats 
have slight spinal or sternal curvature (one 
of these has both). Two rats have moderate 
to severe spinal and sternal curvatures. 

Diets III and IV (40% sweet peas). These 
groups confirmed the protective action of gel- 
atin. In fact, throughout the 4-week period, 
rats receiving 40% sweet peas plus 30% 
gelatin were in much better condition than 
the rats receiving 30% sweet peas without 
the added gelatin (Diet V). 

Diets I and IT (50% sweet peas). The pro- 
tective action of gelatin at this level of sweet 
peas was questionable. Both groups exhibited 
advanced odoratism before the end of 3 weeks. 


Discussion. In these experiments, both 
casein and gelatin delayed the onset of 
odoratism, but did not prevent it. Rats re- 
ceiving the high casein diet or the high gelatin 
diet (30% sweet peas), when continued be- 
yond the 4-week period, deteriorated further 
and developed advanced symptoms of the 
disease including severe spinal and _ sternal 
curvatures and, in some cases, eventual paral- 
ysis. Casein did, however, entirely prevent 
the formation of palpable exostoses on the 
mandibles, even in the most advanced cases, 
the jaws remaining indistinguishable by pal- 
pation from those of normal rats. Gelatin 
also prevented the formation of the usual 
prominent mandibular exostoses, although in 
the case of gelatin some roughness of the jaw 
could be detected. 

The increased rate of growth of the rats 
receiving the high casein diet as contrasted 
to those receiving the high gelatin diet is no 
doubt due to the amino acid deficiencies of 
gelatin. The apparent superiority of the pro- 
tective action of casein over that of gelatin, 
however, is probably not a result of the better 
growth on the high casein diet since all past 
experience indicates that the more rapidly 
growing animal develops symptoms of odorat- 
ism at least as fast as the slower growing 
animal. 

Any hypothesis attempting to explain the 
partial protective action of high levels of 
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casein or of gelatin in these experiments 
would be purely speculative at this point. It 
seems impossible that a deficiency of an essen- 
tial amino acid could be involved in odoratism 
because the animals continue to grow. Fur- 
ther, the symptoms of odoratism are pro- 
foundly different from those produced by any 
known amino acid deficiency. 

Summary. High levels of gelatin and of 
casein delayed, but did not prevent, the onset 
of odoratism (experimental lathyrism) in the 
rat. Casein exerted a greater protective 
action than gelatin. 


The technical assistance of Miss Mildred Mosby is 
gratefully acknowledged. 
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Macrocytic Anemia and Leucocytosis of Guinea Pigs with Muscular 


Stiffness Disease.* 


VIRGINIA WEIMaR.t 


(20928) 


(Introduced by Rosalind Wulzen.) 


From the Department of Zoology, Oregon State College, Corvallis. 


A deficiency syndrome characterized by 
muscular stiffness was described by Wulzen 
and Bahrs(1) in guinea pigs raised on skim 
milk diets supplemented by minerals and the 
known vitamins. Physiological, chemical, and 
pathological aspects of the disease were 
studied (2-6). 

The present investigation was undertaken 
to determine whether hematological changes 
occurred in guinea pigs deficient in the anti- 
stiffness factor. Preliminary results of these 
studies have been published(7). 

Methods. Guinea pigs used to establish 
the normal blood values were segregated as 
to sex and raised on diet of rolled barley, 
liberal amounts of kale or grass, iodized salt, 
and wheat straw ad lib. None showed wrist 
stiffness. Gravid animals were not tested. 
Experimental animals were fed the following 
diet deficient in the anti-stiffmess factor(8). 
A.M.: skim milk powder 20.0 g, water 80.0 g, 


* Supported by a grant from General Research, 
Oregon State College. 

+ National Institutes of Health Junior Research 
Fellow. Present address: Wills Eye Hospital, Phila- 
delphia, Pa. 


copper sulfate 0.078 mg, ferric chloride 0.048 
mg, ascorbic acid 10.0 mg; P.M.: skim milk 
powder 20.0 g, water 80.0 g. Fat- and water- 
soluble vitamins were added alternately to 
the evening diet to make the average daily 
consumption per animal for each vitamin as 
follows: thiamin hydrochloride 0.20 mg, pyri- 
doxine hydrochloride 0.10 mg, riboflavin 0.50 
mg, nicotinic acid 1.0 mg, pantothenic acid 
0.10 mg, inositol 10.0 mg, para-aminobenzoic 
acid 2.0 mg, choline 50.0 mg, biotin (SMA 
conc. $200) 0.01 mg, beta-carotene 150 I.U., 
viosterol 40 I.U., alpha-tocopherol 0.10 mg, 2- 
methyl-1,4-naphthoquinone 0.10 mg, folic acid 
0.003 mg. All received straw and iodized salt 
ad lib. Blood samples were taken from the ear 
which was gently stroked or warmed to cause 
an hyperemia(9). Incisions were made with 
Bard-Parker “11” blades. The animals were 
tame from frequent handling in the laboratory 
and did not have to be confined in any way 
when samples were taken. Erythrocyte 
counts were made after diluting the blood with 
Toisson’s solution. Hemoglobin estimations 
were made with the Sahli-Haskins technic 
(10). The hemoglobin coefficient, according 
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to Osgood(10), was calculated as the amount 
of hemoglobin per 100 cc of blood if the count 
is adjusted to 5,000,000 per cu mm. Average 
red cell diameters were measured with the 
Haden-Hauser Erythrocytometer(11,12). No 
variation of more than one-fifth micron from 
slide to slide for any one animal was found in 
these experiments. The elimination of any 
slide not having a bright, clear halo is prob- 
ably the reason for this uniformity. Baso- 
philic aggregations were used to determine the 
percentage of young erythrocytes in the cir- 
culating blood. The method is based on the 
finding by Pearlman and Limarzi of a close 
correlation between basophilic aggregation 
and reticulocyte levels in several diseases and 
a similar response of basophilic aggregations 
and reticulocytes to liver therapy in pernicious 
anemia(13). Sedimentation rates were deter- 
mined with the Landau-Adams microsedimen- 
tation apparatus(14). White cell counts were 
obtained from blood collected in a Thoma 
white cell pipette and diluted 1:10 with 3% 
acetic acid. Differential count smears were 
made with a narrow slip (about 3%” wide) 
of parchment replacing the customary second 
glass slide. This procedure eliminated to a 
large extent the clumping and distortion of 
guinea pig white cells along the edges of the 
smear which occurred when a glass slide was 
used for smearing. Cells were counted at a 
point where the red cells did not touch, and 
the slide was counted from edge to edge until 
200 or more cells had been differentiated. 

Results. 1. Erythrocytes. A summary of 
the data collected on red blood cells is pre- 
sented in Table I. 

In general, deficiency of the anti-stiffness 
factor produced a mild to severe anemia. 
Twenty-five per cent of the deficient animals 
had red cell counts of 3.5 x 10° to 2.2 x 10% 
and hemoglobin of 9.6 to 5.9 g. The hemo- 
globin per cell decreased for the deficient ani- 
mals. Fifty-two per cent of the animals had 
red cell diameters ranging from 7.7 to 8.2 p. 

Accompanying the anemia was a decrease 
in the number of young red cells of the cir- 
culating blood. This effect appeared as early 
as 3 to 10 weeks. High sedimentation rates 
occurred as early as 2 to 6 weeks of deficiency. 
The microsedimentation rates for guinea pigs 
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TABLE I. Effects of Deficiency of Anti-Stiffness 
Factor on Erythrocytes of Guinea Pigs. 


___ No. weeks No. Mean blood value + 
Diet* on diet animals stand. dey. 
(Red cell count ) 
S 20-130 40 4.9 >< 10°+ 1 * 10° 
D 24-120 53 4.2 >< 10°+ 8 x 10°t 
DM 90t 5 5.0 X 10° + 3 x 10° 
(Hemoglobin ) 
S) 20-130 16 14+ 9¢g 
D 26-110 53 10.9+2.0 ¢ 
DM 90t 5 ayaa Ao) i 
(Hemoglobin coeff.) 
S 20-130 16 15.6 +1.0¢g 
D 26-110 53 Sy ils 4r 
DM 90t 5 Se ae AN) 4 
(Red cell diam.) 
S 20-130 39 Uae ll3} i 
D 30-110 46 60S 22 ai 
DM 90t 5 (ies te Alla’ 
(Basophilie 
aggregations ) 
) 20-130 25 2.06 + .41% 
D 3- 10 19 98 = 52 * 
D 21- 74 51 68 E228 
DM 90 5 2.20 + .79 
(Micro sedimentation) 
Ss 20-130 31 2.35 + .68 mm 
D 10— 45 58 3.96 + 2.87 t 
D 50— 84 27 3.02 + 1.96 
DM 90 5 1.92. == .69 


*§ — Stock; D =- Deficient; DM = Deficient + 
molasses. 

t Statistically significant at .01 level. All groups 
compared with stock animals except where other- 
wise indicated. 

t Fed deficient diet for 9 mo; then deficient diet 
plus molasses for 1 yr. 


on the deficient diet for 10 to 45 weeks varied 
from 2.0 to 19.0 mm per hour. However, 
animals that had been deficient for 50 to 84 
weeks had an average sedimentation rate that 
was not significantly different from the nor- 
mal. However, the range for the microsedi- 
mentation rates of these older deficient ani- 
mals was 0.5 to 8.7 mm per hour. 

In general, these older deficient animals fall 
into 2 classes of symptoms of deficiency of the 
anti-stiffness factor: 1. A small group of 
older healthy, robust animals that seem to be 
highly resistant to deficiency of the anti- 
stiffness factor. They usually have stiff wrists 
without soreness. Without exception these 
animals sooner or later die from deficiency of 
the anti-stiffness factor. 2. A large group of 
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TABLE II. Differential Count. Guinea pigs deficient in the anti-stiffness factor for periods of 
24 weeks compared with stock guinea pigs. 


11 mod- 9 mod- 
10 10 erately Avg all 24 55 erately Avg all 
Cell type stock 9 stiff 9 stiff 9 stiff 9 stock @ stiff ¢ stiff ¢ stiff 3g 
Deficient females compared with Deficient males compared with 
stock females (mean %) stock males (mean %) 
|. Granulocytes 21.89 38.88t 24.65 31.43§ 25.41 50.21* 55.36% 50.94* 
Neutrophils 19.00 22.42 22.71 22.57 23.87 43.23* 54.74* 44,88* 
Hosinophils 2.53 UG 33" 1.54 8.28 1.13 6.09* .30 5.25* 
Basophils 382 .88 4] 63 40 79 32 2 
TI. Agranulocytes 72.95 58.41t 72.29 65.58 69.17 46.40* 41.59* 45.71* 
Lymphocytes 69.43 55.18¢ 70.41 63.16 65.78 44.98* 39.34* 44,17* 
Monocytes 1.25 Terk) .69 88 1.53 1.32 1.68 1.37 
Kurloff 2.84 1.97 239% 1.40+ 1.81 .00* 2037 .00* 
III. Disintegrated 4.64 2.58 3.00 2.808 5.33 2.91t 2.95 pei lke 


* Significant at .001 level. 
§ Significant at .05 level. 


older animals with varying degrees of abnor- 
malities in growth, stiffness, body contour, 
calcification, tooth growth, and hearing(3). 
All of the high sedimentation rates among the 
older animals were found in this latter group 
of animals. ; 

Five guinea pigs that had been subjected to 
a deficient diet plus a protective supplement 
of molasses for one year had normal values for 
red cell counts, red cell diameters, basophilic 
aggregations, and sedimentation rates. Hemo- 
globin was statistically significantly higher 
than the hemoglobin for the deficient animals, 
but had not returned to a normal level. The 
hemoglobin coefficient was lower than normal. 
New cells were being formed but the hemo- 
globin per cell was low. 

II. Leucocytes. White cell counts were 
made on 52 deficient guinea pigs and on 57 
stock guinea pigs. The deficient guinea pigs 
showed a leucocyte count of 16690 (stand- 
ard deviation 6422) compared with the white 
cell count of 7680 (standard deviation 2049) 
for non-deficient guinea pigs. A few counts 
were as high as 30000 and 40000. Usually 
the leucocyte counts did not become elevated 
until about 3 to 5 months of deficiency. The 
5 guinea pigs fed the deficient diet for 9 
months and the deficient diet plus a molasses 
supplement for one year had normal leucocyte 
counts with an average value of 8340. The 
white cell differential count indicated an in- 
creased percentage of granulocytes and a de- 
creased percentage of agranulocytes. How- 


t Significant at .01 level. 


+ Significant at .02 level. 


ever, the total number of both cell types ac- 
tually increased. The data has been analyzed 
further by dividing the deficient animals into 
4 classes: stiff females, moderately stiff fe- 
males, stiff males, and moderately stiff males 
(Tablet). = 

Stiff male and female guinea pigs had a per- 
sistent eosinophilia. In every case eosino- 
philia was associated with moderate or severe 
stiffness. In only 2 cases out of 85 was severe 
stiffness not accompanied by eosinophilia, and 
one of those cases was a 6% _basophilia. 
Stiff males also had a markedly increased per- 
centage of neutrophils in contrast to the stiff 
females. 

In a few cases there were animals that did 
not become extremely stiff although they had 
received the diet for 24 to 110 weeks. How- 
ever, calcification of musculature was fre- 
quently prominent. The females of this group 
showed little change from normal with only a 
decrease in Kurloff(15) cells. Males of this 
group had higher percentages of neutrophils 
than did the stiffer male guinea pigs. The 
total percentage of granulocytes was relatively 
the same for the 2 groups. An interesting 
finding was the complete disappearance of the 
Kurloff cell type in deficient male guinea pigs. 

Summary. 1, Deficiency of the anti-stiff- 
ness factor in guinea pigs produced anemia 
characterized by decreased numbers of red 
cells, less hemoglobin per cell, and macrocy- 
tosis. The number of young red cells also 
decreased. The sedimentation rate was in- 
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creased. 2. The white cell count rose mark- 
edly with an increase in all cell types. The 
differential count indicated a granulocytosis. 
The Kurloff cell disappeared in deficient 
males. 


The author wishes to thank Dr. Rosalind Wulzen 
for her kind encouragement and invaluable criticism 
during the course of the work. 
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Paroxystic Activity of Deplanted Nerve Centers in Amphibia, as 


Influenced by the Ionic Environment.* 


J. E. Desmept,t 
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(Introduced by Paul Weiss) 


From the Department of Zoology, University of Chicago. 


Numerous investigations in neurobiology 
have made use of the facilities provided by 
Urodele larvae whose nervous system can be 
submitted to a wide variety of experimental 
procedures. Among these, the method of 
“deplantation” recently developed by Weiss 
(1,2) deserves careful consideration because, 
among other advantages, it provides a com- 
pletely isolated pool of neurons which can be 
studied under simple conditions. A fragment 
of spinal cord or medulla of Amblystoma or 
Triturus can thus be deplanted into the dorsal 
fin of another larva where it will grow and 
reorganize for long periods of time. If a 
limb is grafted nearby, it will receive motor 
innervation from the neural deplant and so 


* The Author is much indebted to Dr. Paul Weiss 
for his kind hospitality and active interest. This 
work was aided by the Wallace C. and Clara A. 
Abbott Memorial Fund of the University of Chicago 
and by a grant from the U. S. Public Health Service. 

+ Fellow of the Belgian American Educational 
Foundation. Present address: Laboratoire de Path- 
ologie générale, Université de Bruxelles, Belgium. 


become an effector displaying the activity 
going on in the deplant. A striking result 
of these experiments was that the isolated 
deplant does not remain quiescent; it de- 
velops endogenous (‘‘spontaneous”) paroxys- 
tic discharges which are seen as twitches or 
tonic-clonic fits exhibited by the grafted limb 
at irregular intervals. The phenomenon can 
no doubt be put in line with other evidence 
suggesting that autorhythmicity is a funda- 
mental property of nervous elements (Fes- 
sard(3)). Such a statement, however, does 
not solve the problem, because this type of 
activity is not observed in freshly deplanted 
spinal segments(1) and one has still to con- 
sider how it is released after a few days’ iso- 
lation. Evidence of structural redistribution 
and “randomization” of neurons within the 
deplants(2) favors the idea of a liberation 
from the ‘‘harnessing influence lying in the 
organization of the intact nervous system” 
(1). Put in other words, this endogenous 
activity might well be related to the phe- 
nomena of sensitization by denervation. In- 


limb 


grafted 


FIG. 1. Diagram of deplant containing neuron 
pool and connected limb as used for tests. 


creased reactivity of partially disconnected 
motor neurons has indeed been demonstrated 
by Bremer(4), and Teasdall and Stavraky 
(5); moreover endogenous activity was de- 
scribed in the cat’s sympathetic ganglion a 
few days after division of the preganglionic 
trunk (Govaerts(6)). This speculation, 
though clarifying somewhat the approach to 
the problem, is not intended as an explanation, 
which should wait for more specific experi- 
mental evidence. 

The fin in which the deplants are reared 
can be considered as a perfused tissue culture 
chamber. It follows that the host can in- 
fluence the functional activity through the 
common internal milieu (see 1). This com- 
plication could be avoided when it proved 
possible to excise the functional units in a 
segment of the host’s fin (Fig. 1) and to let 
them survive in an artificial medium in which 
suitable preparations remained active for 
more than 10 hours. This procedure at the 
same time considerably facilitated the study 
of ionic effects which are reported in this 
paper. 

Methods. Young larvae (20-40 mm) of 
Amblystoma punctatum and Triturus torosus 
were used with similar results. Homoplastic 
deplantations were performed as described by 
Weiss(2) and the actual experiments took 
place 5 to 8 weeks afterwards, when the limbs 
were twitching spontaneously. A_ suitable 
segment of the fin was excised as illustrated 
in Fig. 1, and immersed in pools of Ringer’s 
solution with different ionic contents. Dis- 
section involved no cutting of the deplants so 
that injury would not be a factor in the ob- 
served activity. Handling of the preparation 
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is facilitated by passing a pin through the 
vertebral canal thus eliminating at the same 
time functional interference, if any, from the 
host’s spinal cord. The solutions were pre- 
pared with distilled water and analytical 
grade reagents, and pH’s were checked with a 
glass electrode. The standard solution had 
the following composition in mM per liter: 
Na, 1042 Ky, 2:5 (Cast elucose, Sar os. 
3: Cl, 104; pH 6.9. It is essentially a frog’s 
Ringer with a reduced content in NaCl, the 
latter feature being adjusted very roughly by 
choosing that concentration in which _iso- 
lated Triturus hearts would beat for the long- 
est time. Closer approximation was not at- 
tempted as there are no chemical data avail- 
able for Urodele plasma. In this connection 
it should be mentioned that twitching was 
somewhat more frequent in vitro than before 
excision. However, there was in each case a 
correlation between the intensities of the 
activity in either condition, and deplants 
which were inactive im vivo remained so in 
the standard solution. It is thus concluded 
that the phenomenon investigated under these 
conditions still deserves the qualification of 
endogenous. With respect to the test solu- 
tions, changes in potassium or calcium were 
not compensated by reciprocal changes in 
sodium. The pH was varied by altering the 
ratio of mono- and divalent phosphates in 
the buffer. Bicarbonate (8 mM per liter) was 
substituted for an equivalent amount of 
chloride in some experiments and the solution 
was then saturated with 5% CO2 in oxygen 
before use, in order to bring the pH close to 
6.9. To avoid mechanical interference, bub- 
bling of gas was not carried on during the 
observations. Temperature varied from 22 
to 28°C in different experiments but was 
practically constant in any given run. The 
deplants were observed with a low power 
binocular microscope and each twitch of the 
grafted limb was recorded by a manually 
activated signal on a kymograph moving at 
constant speed. From these records mean 
frequencies for successive 2-minute intervals 
were calculated. This rough index of the 
level of activity proved satisfactorily consist- 
ent, as illustrated in Fig. 2 to 8, in which 
abscissae represent time (all to same scale) 
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2 |. K 25 mM| Kk 05 K 5 
ou 


20 40 60 80 100 
Minutes 
Ca 1mM Ca2 Ca 2 Cal Ca 2 Cal 
6 K 25 mM K 5 Kees rel K 5 K 25 
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pH 69 pH 64 
° 


g 20 40 60 80 100 
" Minutes 
FIG. 2-8. Avg frequency of twitches during con- 
secutive intervals in control and test media with 
one variable (Fig. 2-5) or two variables (Fig. 6-8). 
@@, controls; OO, tests. Detailed explanation in 
text, 
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and ordinates give twitch frequency per 
minute. Each of the figures corresponds to a 
single preparation in a single test series dur- 
ing which it was alternately exposed to stand- 
ard and test media. The average frequencies 
for deplants immersed in standard solution 
are represented by dark circles, those in test 
solutions by light circles. The number of ex- 
periments performed in each case is given in 
THEStEX, 


Results. The rate of discharge is accel- 
erated when the potassium concentration is 
doubled, and diminished when it is reduced 
below normal (Fig. 2; 5 experiments). 
Changes in calcium concentration act in the 
opposite way: higher calcium slows and re- 
duced calcium enhances the discharges (Fig. 
3; 3 exp.). Similar effects are observed when 
the pH is changed, there being an increased 
activity on the alkaline side and a depressed 
activity on the acid side (Fig. 4; 3 exp.). 
Bicarbonate with 5% CO2 increases the 
twitch frequency; (Fig. 5; 3 exp.). This re- 
sult cannot be explained by differences in the 
pH which were no larger than a few per cent 
of a pH unit in the 2 solutions. It differs 
from the other ionic effects described by being 
less quickly reversible when the standard 
solution is reintroduced. 

Two such changes in ionic concentrations 
influencing the discharges in opposite direc- 
tions cancel each other when they occur simul- 
taneously. Thus in Fig. 6 (3 exp.) the twitch 
frequency remains nearly unaltered when cal- 
cium and potassium concentrations are both 
doubled with respect to those in standard 
solution (first 2 and last 2 columns), but the 
usual effects are observed when either calcium 
(third column) or potassium (fourth column) 
is doubled alone. In another experiment (not 
illustrated), the effects of simultaneous re- 
duction of both calcium and potassium were 
likewise found to offset each other. 

Similarly, the effects of changes in either 
calcium or potassium concentration can be 
compensated by appropriate adjustments of 
pH. For instance, acidity can be combined 
with either an increase in potassium (Fig. 7: 
4 exp.) or with a decrease in calcium concen- 
tration (Fig. 8; 2 exp). Im either case the 
depressant influence of the lower pH on the 
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rate of discharge can be approximately bal- 
anced. 

Comment. It is well to remember that the 
index used for assaying the activity, vz. 
twitch frequency in an effector limb, has only 
one degree of freedom and can at best give a 
gross picture of the delicate mechanism in- 
volved. Nevertheless these first results were 
satisfactorily consistent and they warrant a 
few conclusions to be drawn about the ionic 
correlates of the phenomenon under study. 
The deplanted nerve centers are brought in 
line with many other excitable elements on 
which small increases of potassium in the 
medium act as a stimulant and calcium has a 
stabilizing effect. With respect to pH 
changes, the results agree with those of Libert 
and Gerard(7) on the frog brain. We were 
surprised to observe an acceleration of the 
discharges by carbon dioxide which was 
found to increase thresholds and suppress 
spontaneous firing in medullated nerves 
(Lorente de No,(8)). However, the possibility 
has to be considered that neurons and nerve 
fibers behave in a different way when sub- 
mitted to physiological amounts of CO2; our 
results may indeed be related to some observ- 
ations by Bremer and Thomas(9), and by 
Gellhorn and Heymans(10) showing an ac- 
celeration of brain waves with hypercapnia in 
the cat. The second series of experiments 
suggests that in first approximation the en- 
dogenous activity in these neurons pools can 
be “set” to a given level by various combina- 
tions of potassium, calcium and hydrogen-ion 
concentrations. This seems remarkable when 
it is realized that these ions very probably 
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influence the autorhythmic mechanism in dif- 
ferent ways, as can be gathered, for instance, 
from the fact that the membrane potential 
(no doubt a relevant variable in this case, 
see 11) is dependent on potassium but prac- 
tically unaffected by either calcium or pH. 

Summary. 1. Deplanted amphibian nerve 
centers can be studied conveniently in vitro 
in an artificial medium. 2. The endogenous 
discharges which they display are consistently 
influenced by potassium, calcium, hydrogen 
and bicarbonate ions. 3. Different ions, 
though acting presumably in different ways 
on the autorhythmic mechanism, can be made 
to neutralize each other’s effect as far as the 
resultant frequency of the discharges is 
concerned. 
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Kratzing and Slater have reported that the 
inclusion of sulfadiazine in a diet low in 
thiamine prevented the development of typical 
thiamine-deficient symptoms in the rat(1). 
They concluded that sulfadiazine has a true 
thiamine-sparing action on the animal. Pre- 
liminary studies in this laboratory(2) have 
indicated a similar condition in the ciliated 
protozoan, Tetrahymena geleii. The present 
paper is a first report of observations on the 
effect of sulfadiazine and other sulfonamides 
on the thiamine requirement of Tetrahymena. 

Methods. The ciliated protozoan, Tetra- 
hymena gelew (H), grown in pure culture, was 
employed in this investigation. The base me- 
dium was essentially that of Dewey e¢ al.(3), 
modified as indicated in Table I. The organ- 
isms were grown in 50 ml Erlenmeyer flasks 
containing 5 ml of medium, according to the 
technic described by Hutner(4). All inocu- 
lations were made through a dilution flask 
containing only basal medium. The flasks 
were kept at 25°C, and the cultures were 
harvested on the 10th day following inocula- 
tion. Growth of the harvested cultures was 
measured by cell counts, using a Sedgewick- 


TABLE I. Composition of Basal Medium.* 


ml % 

Solution B (amino acids) 14.0 
C (vitamins) t 6.0 
D (salts) 2.5 
E (salts) 0.6 

F (phosphates ) 0.175 
J (purinesand pyri- 5.0 

midines ) 

%o 
Glucoset 0.5 
Sodium acetate 0.2 
Protogens 2.0 
Tween 80 2.4 


(pH 7.0) 


*The composition of the solutions listed here 
are identical with those listed by Dewey ef al.(3, 
p. 284). f 

+ Thiamine omitted in appropriate experiments. 

+t Autoclaved separately and added aseptically. 

§ Units/ml. 


TABLE II. Response of 7. geleii to Sulfadiazine. 
Sulfa- No thiamine, Thiamine 

diazine cells/ml (0.lmg %), 

(ng % ) (O< 10") pH cells/ml (X10°) pH 

0 Dead* 4.5 468 6.8 

oll 2 5.0 478 6.8 

] 92 6.8 590 6.8 

5 194 6.8 540 6.8 

10 265 6.8 528 6.8 

12 182 6.8 498 6.8 


* No viable cells on the 10th day. 


Rafter counting chamber and Whipple ocular 
micrometer, as described by Hall e¢ al.(5). 


Results. Table II shows the results of a 
typical experiment with sulfadiazine. It is ap- 
parent from this data that cultures containing 
the optimum quantity of sulfadiazine (10 mg 
%) without thiamine support growth of 
Tetrahymena but not as well as optimum con- 
centrations of thiamine do. This is true to a 
lesser extent for series at concentrations of 
5.0 mg % and 12 mg % sulfadiazine. Fur- 
thermore, control cultures containing neither 
thiamine nor sulfadiazine but complete in 
every other respect show a rapid drop in pH. 
Microscopic examination of these latter cul- 
tures fail to demonstrate the presence of liv- 
ing cells and chemical analysis reveals that an 
accumulation of pyruvic acid has occurred. 
This observation is rather typical of thiamine- 
deficient cultures(6). 

A large number of experiments with other 
sulfonamides: sulfamerazine, sulfathiazole, 
sulfanilamide and sulfapyridine did not have 
a thiamine-sparing action. 

Summary. It has been found that the in- 
clusion of 5.0 mg % to 12 mg % sulfadiazine 
in a complete culture medium minus thiamine, 
supports growth of the ciliate, Tetrahymena 
geleii, At optimum concentrations — this 
growth is about 50% of that in medium with 
added thiamine. The optimum concentra- 
tion appears to be 10 mg % sulfadiazine. 
Cultures containing neither sulfadiazine nor 
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thiamine but complete in every other respect 
show a drop in pH and an accumulation of 
pyruvate. Other sulfonamides gave negative 
results. At the present time no hypothesis 
is offered to account for this phenomenon 
pending further investigations. 
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Recent advances in the subject of pro- 
thrombin activation have brought changes in 
our ideas concerning the effect of dicumarol 
on the blood coagulation mechanisms. Dicu- 
marol is no longer considered to act exclu- 
sively with respect to prothrombin, but also 
in relationship to the activation of prothrom- 
bin. The inhibitors of the blood clotting 
mechanisms may possibly also be involved. 
This paper is an attempt to contribute to the 
subject of antithrombin levels in dicumarol 
plasma which is a problem that still remains 
a matter of uncertainty. Hurn, Barker, and 
Mann(1) reported an increase of antithrom- 
bin activity in serum after dicumarol therapy. 
Whether this represents a real antithrombin 
increase or is the result of unknown factors 
which influenced their antithrombin test has 
not been completely clarified. Owen and 
Bollman found that dog plasma exerts about 
the same antithrombic activity regardless of 
the prothrombin concentration after dicu- 
marolization(2). At the time their papers 
were written less was known about the fun- 
damental nature of plasma antiprothrombin 


* This work was supported by a grant from the 
Michigan Heart Assn. Funds for Research Fellow- 
ships in Physiology provided by Parke, Davis and 
Co. We wish to thank Ray Heinrich of Harper 
Hospital for his advice and help. 
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activity than today. The background of our 
paper is based on the idea that more than 
one mechanism is involved in antithrombin 
activity, and that it is possible to analyze the 
diverse aspects of thrombin inactivation in 
separate systems of study. For a better un- 
derstanding of the problem the following 
nomenclature classifying the diverse anti- 
thrombin reactions is used in this laboratory. 
Antithrombin-I refers to the adsorption of 
thrombin on fibrin. Antithrombin-II concerns 
the heparin cofactor, which together with 
heparin interferes with the interaction of 
thrombin and fibrinogen. Antithrombin-IITI 
refers to the natural antithrombin, which 
neutralizes thrombin quantitatively as a 
function of the thrombin concentration, and 
does not require heparin. Antithrombin-IV 
seems to be independent of the actions cited 
above, and becomes manifest during the 
process of prothrombin conversion. It is the 
activity which remains after antithrombin-III 
activity is removed by ether extraction. We 
want to emphasize that this is an arbitrary 
nomenclature, and in part based on theory, 
since the experiments performed in this field 
do not provide conclusive support for the ex- 
istence of 3 independent substances. It is 
still possible to consider the antithrombin-IV 
phenomenon as interactions of different and 
dissociable phenomena arising from the ar- 
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TABLE I. Antithrombin-II Analysis. Clotting 
time (in seconds) of 0.4 ml dicumarol plasma 
mixed with 0.1 ml thrombin in 6 dogs. 


Heparint Heparint 
No heparin (20 units) (2 units) 
6.8* No clot 16 
6.8 oe cay 16 
7.0 ta gt” 14 
6.0 Se Oe ies 
6.3 ob 9 
6.0 ce hag ital 


* Control without dicumarol. 
+ Liquaemin Roche. 


tificial condition of the experimental ap- 
proach. However, our experimental data 
allow the conclusion that an antithrombin 
action is closely connected with prothrombin 
activation. This fact leads to a reconsidera- 
tion of prothrombin activation in terms of 
antithrombin activity. 

Experimental. In this study 3 antithrom- 
bin effects were studied. Antithrombin-I was 
omitted because we do not consider adsorption 
on fibrin of appreciable importance under 
physiological conditions. Accordingly, all 
experiments were carried out on defibrinated 
plasmas. Prothrombin was determined by a 
2-stage method(3) on all samples of blood. 
Blood. This was collected by means of 2- 
syringe technic. As anticoagulant 3.2% so- 
dium citrate was mixed with blood in a 1-9 
ratio; the plasma was obtained by centrifuga- 
tion at 2500 g for 20 minutes. Dicumarol 
administration. Dogs were separated into 2 
lots; one received a single dose of 100 mg of 
dicumarol, the other group was given 2 doses 
of 100 mg on consecutive days. On the third 
day they were exsanguinated after previous 
anesthesia. When human blood was analyzed, 
a single dose of dicumarol was given, and the 
blood was analyzed for prothrombin and an- 
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tithrombin. Antithrombin-II, This was stud- 
ied by mixing heparin (Liquaemin Roche) 
with purified thrombin(4). The mixture was 
tested for activity by adding 0.1 ml of 
heparin-thrombin mixture to 0.4 ml of the 
unknown sample. For the control the same 
thrombin was mixed with plasma but without 
heparin. 

Results. Table I illustrates the antithrom- 
bin-IT activity on dogs treated with dicumarol 
and sacrificed by exsanguination. The figures 
show a normal antithrombin-IT activity, al- 
though in one case, in the higher dilution of 
heparin, a short clotting time was detected. 
We realized too late that it would have been 
better to ascertain the clotting time of the 
plasma before dicumarol was given, and not 
to rely entirely on the other kind of control. 

Antithrombin-III was studied by the tech- 
nic of Seegers and associates(5). The dogs 
were given a single dose of 100 mg dicumarol. 
From our extensive experience with this 
method we know that the antithrombin-III 
titer of dog plasma is subject to appreciable 
variations, and for this reason we consider 
only a variation of more than 20% of normal 
levels as significant. Judging by these stand- 
ards the data of Table II lead us to the con- 
clusion that no antithrombin-III changes can 
be detected with dogs, after the administra- 
tion of dicumarol. 

Antithrombin IV. As stated previously (6) 
there is a close relationship between anti- 
thrombin-IV and prothrombin activation. It 
was, therefore, necessary to devise laboratory 
procedures which would enable us to study 
both the rate of prothrombin activation and 
the rate of thrombin disappearance. For that 
purpose, a test was devised which we refer to 
as the thrombin-titer method of analysis(6). 


TABLE II. Plasma Antithrombin-III, and Prothrombin Concentration in Dogs Given 100 mg 
Dose of Dicumarol. 


Days after Dog No. 

dicumarol Control 2 3 4 5 6 

eras 58 (100)* 73 (100) 75 (100) 48 (100) 68 (100) 63 (100) 
il 60 (100) 70 ( 30) 75s (C 7A) 48 ( 64) 66 ( 33) 69 ( 49) 
3 66 (100) 69 ( 9) 76 ( 13) a5 ( 19) 54( 8) 65 ( 15) 
8 71 (100) 68 ( 41) 72 ( 65) 48 ( 29) 68 ( 15) 71 ( 54) 


* The figures in parentheses refer to % prothrombin cone. and the antithrombin values refer 
to the % of purified thrombin, 1500 units substrate, destroyed by 1 ml defibrinated plasma in 


Sehr) 
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Clotting time in seconds 


O 5 10 15 20 Ss) SO 
Activation time in minutes 


FIG. 1. Antithrombin-IV activity by thrombin- 
titer method. The experiment was performed at 
height of dicumarol effect. Prothrombin concen- 
tration of plasma was, therefore, low. Prothrombin 
concentration was accordingly adjusted to 300 
units/ml plasma by adding purified bovine pro- 
thrombin. Each curve represents results for one 
dog. Control received no dicumarol. 


In this method, antithrombin-III is first re- 
moved by extracting defibrinated plasma with 
ether. The prothrombin is then activated as 
one would in a one-stage prothrombin time 
procedure. Measured quantities of the reac- 
tion mixture are then mixed with standardized 
fibrinogen solution at repeated intervals to see 
how much thrombin is in the reaction mixture. 
Instead of measuring the thrombin concen- 
tration accurately one simply notes the clot- 
ting time of the fibrinogen at repeated in- 
tervals. As the clotting time becomes shorter 
and shorter, one observes an index of the rate 
of thrombin formation and as the clotting 
time subsequently becomes longer one ob- 
serves an index of thrombin destruction. By 
plotting such data as activation curves it is 
also possible to obtain some idea of the quan- 
tity of thrombin which forms. When one 
wishes more accurate or detailed insight the 
work is supplemented with quantitative 
thrombin analyses as well as 2-stage pro- 
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thrombin analyses. 

Our work related to the study of antithrom- 
bin-IV in dogs receiving dicumarol was exten- 
sive and the results of Fig. 1 represent only 
one group of experimental animals. In these 
experiments the dogs were given 100 mg di- 
cumarol as a single dose. The prothrombin 
concentration, as measured by modified 2- 
stage method(3), showed a decline to very 
low values. At about the lowest point for 
prothrombin activity the thrombin _ titer 
method showed that antithrombin-IV activity 
remained. The dog prothrombin was supple- 
mented with purified prothrombin in order 
that there might be an adequate thrombin 
substrate that could involve antithrombin-IV 
action. In one dog out of the 5 antithrom- 
bin-IV activity was rather low. Nevertheless 
it seemed to us that although there was a 
tendency toward variability, antithrombin-IV 
activity was generally present after dicumarol 
administration. Accordingly, the experiments 
were repeated with a second group consisting 
of 6 dogs and there was again approximately 
the same kind of variation. Then another 
group of 6 animals was given 100 mg of di- 
cumarol followed by 1a second dose of 100 mg 
on the second day. On the third day the 
dogs were sacrificed by exsanguination. The 
antithrombin-IV concentration of those plas- 
ma samples was again variable but in general 
the indications were definitely in favor of an- 
tithrombin-IV activity. In all of these ex- 
periments with dogs we found that the throm- 
bin titer method indicated rapid activation of 
the prothrombin of the plasma and also of the 
purified prothrombin added as a supplement. 
In the dogs we have found no exception to this 
after dicumarol administration. That obsery- 
ation is, however, in contrast to those found 
in studies with human beings. 

Our studies of human subjects involved 
the use of the thrombin-titer method and the 


2-stage prothrombin analysis technic on plas- ° 


ma from patients under varying circumstances 
relative to the administration of dicumarol. 
Some had received the drug for years. Other 
cases were followed from the beginning up to 
a few weeks. Some were studied by adding 
purified prothrombin to the plasma while 
others were studied only in terms of their own 
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FIG. 2. Antithrombin-lV activity by thrombin- 
titer method. A human subject given a single 


300 mg dose of dicumarol. The plasma prothrom- 

bin concentration as measured by 2-stage was: 

75% of normal at 24 hr, 50% at 62 hr, and 75% 
at 84 hr. 


prothrombin. We feel that our most relevant 
findings are best summarized by the illustra- 
tion of Fig. 2. This illustrates the antithrom- 


bin-IV activity in plasma secured from a 


patient who received one dose of 300 mg of 
dicumarol. Antithrombin-IV activity is in- 
variably more striking in human beings than 
in dogs, and dicumarol does not diminish it. 
The antithrombin titer method brings out a 
very striking change in the rate with which 
prothrombin becomes activated. Even within 
24 hours, when the prothrombin concentration 
has not changed appreciably, the activation 
of prothrombin is very slow. Even 62 hours 
and 84 hours after administration of dicu- 
marol this phenomenon is nicely illustrated by 
this test. In certain instances purified bovine 
prothrombin was added to dicumarol plasma. 
It also activated only very slowly and much 
of it was not consumed. Purified prothrom- 
bin was thus unable to supply the missing 
activator. Presumably the marked changes 
in prothrombin activation rate detected by 
the thrombin-titer method involve the factors 
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referred to in the literature by the term factor 
VII (proconvertin, SPCA, cothromboplastin, 
stable conversion factor, etc.) or it is con- 
cerned with the state of prothrombin reactiv- 
ity itself. We were able to establish that 
proconvertin-deficient plasma, from a patient 
known to be proconvertin-deficient, reacts in 
the same way as our patients given dicumarol. 
The thrombin-titer method thus picks up 
changes related to prothrombin activation in 
a most useful way and it may be a. valuable 
tool for further studies of the action of di- 
cumarol. It is also remarkable that there is 
a great difference in the rate of prothrombin 
activation under the circumstances of our test 
when the plasma from human patients given 
dicumarol is compared with the plasma of 
dogs given dicumarol. With the dogs there is 
rapid activation of prothrombin, and with the 
human plasma activation is slow. It is as if 
the factor VII effect is not demonstrable in 
dogs. 

Miscellaneous.’ During the course of our 
studies on antithrombin we made 2 interest- 
ing observations which we do not understand 
and have not been able to reproduce at will. 
We record them on that basis. 1. Frequently 
when dogs had been given dicumarol and were 
exsanguinated they had muscle rigor at the 
end of the bleeding. This happened many 
times. Such animals became altogether rigid 
so that one could balance their entire weight 
on either the front legs or hind legs. It has 
not been observed with control animals simi- 
larly exsanguinated. We do not know what 
the requirements are for reproducing this 
phenomenon. 2. Sometimes it occurred that 
plasma samples would not destroy thrombin 
activity in the antithrombin-III analysis. 
This happened in one instance with plasma 
from all animals receiving dicumarol and at 
that time the control groups reacted in the 
same way. The thrombin could be mixed 
with the plasma, but none of the activity 
disappeared. This has occurred in this lab- 
oratory a number of times during the past 3 
years and it is our understanding that other 
investigators have found the same results on 
certain occasions. Since this variable is not 
understood it means that all antithrombin 
studies thus far completed carry with them 
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a certain elementary uncertainty. 

Summary. With the administration of di- 
cumarol to dogs there are no_ significant 
changes in the activity of antithrombin-II, 
and -III. Antithrombin-IV activity remained 
but no accurate quantitative measurements 
were made. In human subjects antithrombin- 
IV activity also remains and is probably not 
decreased. The thrombin-titer method of 
analysis shows that there are very marked 
changes in the activation rate of prothrombin 
soon after dicumarol is administered to human 
subjects. The addition of purified prothrom- 
bin does not restore the activation rate to 
normal. In contrast to human subjects the 
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activation rate of prothrombin is not reduced 
in dog plasma when dicumarol is administered. 
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Effects of 3-(0-Toloxy)-Propane-1,2-Diol (Mephenesin) and 3-(2-Methyl- 
6-Chlorophenoxy)-Propane-1,2-Diol (P105) on a-Excitability of Muscle 
(20932) 
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From the Department of Physiology and Vital Economics, University of Rochester, School of 
Medicine and Dentistry, Rochester, N. Y. 


3-(0-toloxy )-propane-1,2-diol (Mephenesin) 
has gained considerable attention as a muscle 
relaxant in both investigative and therapeutic 
fields within the last 10 years; its pharmacol- 
ogy has been reviewed by Berger(1). Lam- 
booy(2), seeking more potent compounds for 
clinical use, synthesized 3-(2-methyl-6-chloro- 
phenoxy )-propane-1,2-diol (P105) and found 
that although it was more toxic and less solu- 
ble than Mephenesin, it was twice as potent 
a paralyzing agent. 

The experiments of Smith(3) and of others 
(1) on mono- and multi-synaptic reflexes in- 
dicated that Mephenesin specificaliy depressed 
internuncial neurones, but reports of conduc- 
tion, rheobase, and chronaxie changes in 
peripheral nerve have been conflicting. Ber- 
ger(4) failed to find any skeletal muscle 
changes produced by Mephenesin even in very 
high concentrations. Stephen and Chandy 
(5), however, found cat tibialis anticus action 
potentials to be reduced at dosages of 50 


* Present address: Division of Pharmacology, Dept. 
of Radiation Biology, University of Rochester School 
of Medicine and Dentistry. 


mg/kg. Mephenesin has also been found to 
cause contracture of frog rectus abdominis, as 
well as inhibition of acetylcholine-produced 
contracture of this muscle(6). In view of 
these various findings, it appeared of interest 
to study the effects of Mephenesin and of its 
analog, P105, on the electrical excitability of 
muscle. 

Method. Blair(7) showed that the strength- 
duration curve of frog’s muscle is adequately 
represented by the equation: 


: V Reg K + ka 
OF = 02 SSS a 
SS ore (a) 


in which V is the strength of the stimulus, 
t is its duration, R is the rheobase, & is the 
coefficient of subsidence of the excitatory 
state, and in which the second constant 
K+ ka 
———— represents physical rather than phys- 


iological factors. It can be shown, from the 
derivation of equation (a), that: 
h R 
saan (b) 


K vic 


when / is the particular value of the excita- 
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tory state needed for excitation to occur, and 
K is the rate of build-up of the excitatory 
state per unit strength of stimulus. In these 


terms a is a measure of membrane stability, 


increasing whenever the threshold value of h 
becomes large or whenever K, the efficiency 
of the stimulus, is decreased. Experimentally 
the values of R and of & can be readily deter- 
mined, so that membrane stability as well as 
excitability can be followed under a variety 
of circumstances. 


Sartorius muscles of Rana pipiens were re- 
moved and placed in Ringers solution at 5°C 
for periods of 4 to 24 hours. The Ringers 
solution was of pH 7.3-7.4, and contained per 
liter: 111.00 mM NaCl, 1.34 mM KCl, 1.36 
mM CatCle, 1.33 mM NaH2POx,, and 5.35 mM 
NasHPO,. Before the beginning of any ex- 
periment, a minimum time of 30 minutes was 
allowed for the muscle to attain room tem- 
perature. The muscle was stimulated through 
silver-silver chloride electrodes by means of a 
Grass stimulator, and threshold voltages were 
recorded for square waves of several different 
durations in the range of 0.02 to 50.0 milli- 
seconds. Sometimes rheobase was consider- 
ably raised, and a relatively long pulse, 
around 500 milliseconds, was used in these 
cases to determine rheobase values. Thresh- 
old voltage for pulses of all durations was re- 
corded at that value which caused the small- 
est visible muscular contraction. Since only 
muscle, or a, excitability was being studied, 
it was desirable to eliminate all possibility of 
motor nerve stimulation. Dihydro--eryth- 
roidine, an effective neuromuscular blocking 
agent(8), in a final concentration of 1:100,- 
000, was added to all solutions to which the 
muscle was exposed during the course of any 
experiment. Three concentrations of Mephe- 
nesin and one concentration of P105 were used 
in a series of 22 experiments. The values de- 
termined in a given experiment were plotted 


V f : A 
as log —— against ¢ to yield straight lines 
V-R 


in accordance with equation (a), the slopes 
of which were equal to values of &. Before 
a muscle was exposed to a drug solution, ex- 
citation measurements were made in Ringers 
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until 3 successive determinations yielded the 
same results. These values of & and R in 
each instance were then considered standard 
for subsequent determinations of difference. 


Results. Mephenesin in concentrations of 
0.025, 0.05, and 0.1%, and 0.1% P105 con- 
sistently caused increases in R and k. These 
results are shown in Table I. Since definite 
changes were produced by 0.025% Mephe- 
nesin: (of 1:35 x LO My), itcis: probable 
that the minimal effective level was somewhat 
lower. 

These drugs also caused an increase in the 


R 
value of i or muscle stability. Increases in 


R 
Re always reflected changes in both com- 


ponents of this ratio. In almost every case 
R increased steadily on exposure to Mephe- 
nesin, but a few instances occurred in which 
an initial rise was followed after an hour or 
more by a small, decrease. k, on the other 
hand, consistently increased and then de- 
creased toward its initial value; the maximum 
was attained usually after 10 to 20 minutes, 
but sometimes after a period of one or more 
hours. Because of variability in the time 
course of these drug effects, the maximum 
increases produced in each muscle, regardless 
of exposure length, were found to express the 
results most satisfactorily. 

In approximately half of the experiments, 
muscles were returned to Ringers after ex- 
posure to drugs, and recovery measurements 
were made. In no case was there complete 
return of both R and & to their original values 
within 2 hours, although the tendency was al- 
ways in that direction. 

In addition to the usual biological varia- 
tions among frogs and among _ individual 
muscles, the results of these experiments are 
complicated by the problem of drug dif- 
fusion; the size and shape of each muscle are 
important variables. Were the tissue weight 
and dimensions known in each of the experi- 
ments, better evaluations could theoretically 


- be made of the effects of a given drug concen- 


tration(9). Repetition of the above experi- 
ments on single muscle fibers would minimize 
diffusion difficulties and should certainly 
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TABLE I. Effects of Mephenesin and P105 on Hxcitability of Frog Muscle. 
SSeS eee ————————— EEE 


— —Mephenesin-— = P105, 
aS 
No drug .025% 050% 100% 100% 
Max. changeofR 01 (5) 25 (3) 39 (6) 30 (4) 2 (4) 
Stand. error of mean +.044 +057 +.040 +.049 +.049 
Probability 83 <.001 <.001 <.001 <.001 
f 57 357 57 fi 1583 
Max. change of k —.0067 0657 1157 07 16 : 
Stand. error of mean +0043 +.0310 +.0219 +.0310 +.0268 
Probability 055 <.001 .005 <.001 


194 


Each value for max. change of R or k obtained by averaging individual values from Bey 
experiments. No. of experiments in each case in parentheses. Avg control R value was .26 (22 
exp.), stand. error of the mean, +.021; avg control k value, .1120 (22 exp.), stand. error of 


mean, +.0112. 


yield more uniform results. 


R 
Discussion. The increases in stability —, 


which may just as well be called decreases 
in sensitivity to electrical stimulation, reflect 


h 
corresponding increases in the ratio —, ac- 


cording to equation (b). Since it is not pos- 
sible to determine # and K separately, one 
can only speculate about the meaning of 
changes in the ratio. Since k, the time con- 
stant of decay of the excitatory process, in- 
creased in the experiments above, one might 
believe that the time constant of build-up of 
the excitatory process, or K, also increased so 
that the whole process of excitation was 


h 
hastened. If K grew larger, as the ratio — 


K 
increased, # must have undergone even larger 
increases. However, there is no information 
to indicate that k and K changed in the same 
direction, and one could just as reasonably 
propose that as & increased, K decreased; in 
this case A could remain constant. 

In certain ways Mephenesin has behaved 
like potassium. Concentrations of Mephe- 
nesin of 5.4 x 10% M/1 and higher were 
found to depolarize frog muscle(6), and it is 
reported that similar concentrations depolar- 
ized frog nerve(10). ‘Changes brought about 
by this drug in the electrical properties of 
muscle also resemble those produced by po- 
tassium. Carleton(11) found that moderate 
amounts of potassium (30 and 40 mg %) 
added to Ringers, caused small and transient 
decreases in k and R, followed promptly by 
large increases in both quantities and a sub- 


sequent decrease in k. Except for the early 
decreases in & and R, this sequence of events 
is identical with that produced by Mephe- 
nesin. 


One could propose that Mephenesin re- 
leases potassium from an organic complex in 
a manner similar to that proposed by Regin- 
ster(12) for acetylcholine. The released po- 
tassium could then be effective in depolariz- 
ing muscle and in changing its electrical 
properties. There are additional data which 
are in accordance with the released-potassium 
hypothesis: 1) Mephenesin, like acetylcholine, 
can cause contractures of rectus abdominis 
muscle, and 2) it can inhibit acetylcholine- 
produced contractures(6). 


Summary. Mephenesin and P105 both 
consistently increase rheobase (R), the time 
constant of excitation (k), and _ stability 


R 
( Sal ) of frog sartorius muscle. 
k 
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Studies carried out since 1947 have estab- 
lished the fact that antigenic components or 
products of numerous bacteria as well as of 
certain rickettsiae, fungi, and protozoa can 
be adsorbed by red blood cells, thus rendering 
these modified erythrocytes specifically ag- 
glutinable by homologous microbial anti- 
bodies. Some of these antigens are poly- 
saccharides, others are proteins. The present 
study was undertaken to determine the eryth- 
rocyte-modifying capacity of Shigella (S.) 
dysenteriae (Shiga) antigen. Such an inves- 
tigation appeared to be of particular promise, 
since this antigen has been studied in great 
-detail(1-7) and both the whole antigen com- 
plex (a polysaccharide-phospholipin-protein 
(or protein-like) complex) and its poly- 
saccharide component were available. It is 
the polysaccharide that gives the whole com- 
plex and, therefore, this microorganism its 
main serological specificity. 

Material and methods. The whole somatic 
Shigella dysenteriae (Shiga) antigen as well 
as its polysaccharide fraction were prepared 
recently by Dr. W. T. J. Morgan of The 
Lister Institute of Preventive Medicine, Lon- 
don, England, according to methods described 
in 1937(3). Solutions containing 50 mg of 
the antigens per 100 ml of phosphate buffert 
(8) were prepared. The following diagnostic 
antisera were used: 1) two S. dysenteriae 
(Shiga) (rabbit) antisera;# 2) one poly- 


* Aided by a research grant from the National 
Microbiological Institute, Public Health Service. 
+ Difco Laboratories, Detroit, Mich. 


valent S. dysenteriae and S. paradysenteriae 
(horse) antiserum.+ In addition, 2 S. sonnei 
(rabbit) antisera,+ 2 group-specific Esche- 
vichia (E.) coli 026 and 0111 (rabbit) and 
pneumococcus types 4 and 32 (horse) anti- 
sera’ were employed for control purposes. 
In order to remove erythrocyte antibodies, 
all sera were first absorbed with the respective 
untreated red blood cells which were used in 
the S. dysenteriae hemagglutination and he- 
molysis tests. Red blood cells were modified 
as described previously(9). The S. dysen- 
teriae (Shiga) antigen (2 ml) in appropriate 
dilution was added to the sediment of thrice 
washed red blood cells; the cells were mixed, 
incubated for 30 minutes at 37°C, washed 3 
times in physiological saline solution, and 
resuspended in 2 ml of the same diluent. The 
following procedure was employed for the 
demonstration of erythrocyte-modification. 
The antisera (0.2 ml) in serial dilutions were 
mixed with an equal volume of the modified 
red blood cells. The mixtures were incu- 
bated for 30 minutes at 37°C and the result- 
ing hemagglutination was read after centrifu- 
gation at 1500 R.P.M. for 2 minutes. In the 
hemolysis experiments guinea pig comple- 
ment!! (0.1 ml of a 1:20 dilution) was added 
to the mixtures of antiserum and modified red 
blood cells. The tubes were incubated at 
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37°C and the resulting hemolysis was read 
after 30 minutes. The hemagglutination in- 
hibition tests were carried out as follows: 
The antigens (0.1 ml) in serial dilutions were 
mixed with S. dysenteriae antiserum (0.2 ml) 
in appropriate dilution; the mixtures were 
kept for 30 minutes at 37°C. Red blood cells 
modified by S. dysenteriae antigen or poly- 
saccharide, respectively, were then added and 
the resulting hemagglutination was read after 
incubation at 37°C for 30 minutes and cen- 
trifugation at 1500 R.P.M. for 2 minutes. 


Results. Red blood cells of sheep, man 
(blood group 0), rabbit, and guinea pig modi- 
fied with S. dysenteriae antigen complex and 
its polysaccharide fraction, respectively, were 
agglutinated by 3 different S. dysenteriae an- 
tisera in dilutions ranging from 1:25 to 
1:1600. The specificity of this reaction is 
attested by the facts that these modified blood 
cells were not agglutinated by 2 Shigella 
sonnei, 2 pneumococcus and 2 E. coli antisera 
in dilutions of 1:25 and higher; furthermore, 
the S. dysenteriae antisera failed to agglu- 
tinate untreated red blood cells as well as 
erythrocytes modified with crude S. sonnei 
antigen. 

A series of experiments was carried out to 
determine whether red blood cells modified by 
S. dysenteriae complex or its polysaccharide 
fraction, respectively, are lysed in the pres- 
ence of homologous antibodies and comple- 
ment. Lysis occurred with modified sheep 
red blood cells but not with modified human 
red blood cells. Furthermore, lysis of modi- 
fied sheep red blood cells was effected in the 
presence of 2 S. dysenteriae antisera of rabbit 
origin, but not when an equine polyvalent 
antiserum was used. The titers of the 2 S. 
dysenteriae (rabbit) antisera producing ag- 
glutination and lysis were essentially the same. 

The minimal amounts of the 2 antigens 
which suffice for modification of red blood 
cells and subsequent agglutination by homo- 
logous bacterial antiserum was then deter- 
mined. In view of the observation(9,10) that 
heating of bacteria-free supernates and sterile 
filtrates of freshly harvested E. coli suspen- 
sions brings forth their erythrocyte-modifying 
capacity, the influence of heat upon the eryth- 
rocyte-modifying capacity of the 2 S. dysen- 
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TABLE I. Erythrocyte-Modifying and Hemagglu- 
tination-Inhibitory Capacities of Shigella dysen- 
teriae Antigen and Its Polysaccharide Fraction. 


Minimal amounts (ug) of 
antigens adequate for 


Inhibition of 


Modification hemagglutination 

S. dysenteriaé of sheep red by S. dysenteriae 

antigens blood cells* antiserum 
Antigen complex 2 

Unheated 5 .0125—.025 

Heated 1.3 .0125-.025 
Polysaccharide 

Unheated 20 .006 

Heated 5-10 .006 


* Calculated for 1 ml of 1% erythrocyte suspen- 
sion. 


teriae antigens was also investigated. The re- 
sults are summarized in Table I. 

It can be seen that 1) relatively minute 
amounts (1.3 to 20 wg) of the antigens suf- 
ficed for modification; 2) the antigen complex 
was somewhat more effective than the poly- 
saccharide fraction, and 3) previous heating 
in the water bath at 100°C for one hour en- 
hanced the erythrocyte-modifying capacity of 
both materials. 

The results of titration of the unheated and 
heated antigens as specific inhibitors of 
hemagglutination by S. dysenteriae antiserum 
are presented in Table I. It is interesting to 
note that as little as .006 pg of the poly- 
sacchharide can be demonstrated by this 
method and that hemagglutination is inhibited 
by smaller amounts of the polysaccharide than 
of the antigen complex. 

Random human sera from blood donors, 
healthy pregnant women, and children suf- 
fering from various diseases other than intes- 
tinal infection were examined for S. dysen- 
teriae hemagglutinins. Eighteen out of 60 
sera contained such antibodies, the titers 
ranging from 1:5 to 1:80. Absorption tests 
with both the antigen complex and its poly- 
saccharide fraction revealed that these anti- 
bodies were specifically removed from these 
sera. 

It was found previously that electrolytes 
were required for the adsorption of crude 
E. coli antigens by red blood cells(11). The 
question presented itself as to whether electro- 
lytes are indispensable also for the adsorption 
of purified S. dysenteriae antigen. Because 
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of the limited amounts of antigens available, 
experiments could be carried out only with 
heated S. dysenteriae antigen complex. Modi- 
fication of sheep red blood cells was carried 
out in 5% glucose solution; the treated and 
washed erythrocytes were resuspended in 
saline solution. Lysis and agglutination did 
not occur in the presence of complement 
and/or homologous antibodies. These results 
suggest that electrolytes are required for the 
adsorption of the (heated) purified S. dysen- 
teriae antigen complex. 

Discussion. The results indicate that puri- 
fied S. dysenteriae antigen complex and its 
polysaccharide component, which determines 
the serological specificity of the microorgan- 
ism, are readily adsorbed by red blood cells. 
This finding parallels observations by Landy 
(12) who has demonstrated adsorption by 
red blood cells of 7 bacterial antigens (lipo- 
polysaccharides and acidic polymers), namely, 
those isolated from Salmonella typhosa, 
Escherichia coli, Pseudomonas aeruginosa, 
Proteus vulgaris, Pasteurella tularense, Serra- 
tia marcescens, and Diplococcus pneumoniae. 
The minimal amounts of the polysaccharides 
studied by Landy which bring forth detectable 
modification of red blood cells (one ml of 1% 
suspension) range from .016 to 4 ng). The 
amounts of the S. dysenteriae complex and its 
polysaccharide component sufficient for de- 
tectable modification is of the same order of 
magnitude, though somewhat larger (1.3 to 
20 wg). It is evident from the results of the 
present study that the phospholipin and pro- 
tein components of the whole antigen are not 
indispensable for adsorption by red blood 
cells. Furthermore, the lipid fraction obvi- 
ously did not prevent adsorption of the whole 
antigen by erythrocytes. In this connection 
attention may be called to the observation 
that certain human plasma fractions, which 
are rich in lipids, as well as lecithin and 
cholesterol, when added to crude E. coli anti- 
gen, interfere with modification of red blood 
cells and subsequent hemagglutination by 
homologous bacterial antiserum (13,14). 

The finding that the polysaccharide of the 
S. dysenteriae antigen complex is twice as 
effective as an inhibitor of hemagglutination 
by S. dysenteriae antiserum than the whole 
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antigen is in good agreement with the observa- 
tion of Morgan(3,4) to the effect that the 
polysaccharide component represents 50 to 
60% of the. whole antigen. On the other 
hand, the reason why the whole antigen is 
somewhat more effective than the poly- 
saccharide fraction in modifying red blood 
cells remains to be elucidated. 

Another aspect of this study, which de- 
serves brief comment, concerns differences in 
modification of red blood cells for agglutina- 
tion and lysis. Whereas S. dysenteriae anti- 
serum obtained from both rabbit and horse 
causes specific agglutination of modified sheep 
red blood cells, only the former produces lysis 
in the presence of guinea pig complement. It 
is unlikely that the simultaneous presence of 
S. paradysenteriae antibodies in the poly- 
valent equine antiserum is responsible for its 
inability to lyse modified sheep red blood 
cells. More plausible is the explanation that 
the source of the antibody determines whether 
lysis will take place. Wright and Feinberg 
(15) also observed differences in the ability 
of antibodies obtained from various animal 
species to effect lysis of sheep cells modified 
by Bacterium tularense antigen; the hemoly- 
tic titers of antisera from 5 species did not 
parallel their hemagglutinating titers. In this 
connection attention may be called to the 
observations of Horsfall and Goodner(16), 
made more than a decade ago, that certain 
lipids of horse and rabbit pneumococcus anti- 
sera are indispensable for agglutination and 
precipitation, although not required for the 
union betweeen antigen and antibody; the 
essential lipid of the horse antiserum is 
lecithin, that of the rabbit antiserum cephalin. 

Aside from these differences of the antisera 
from different animal sources, the present 
study revealed that, as in the experiments with 
crude E. coli. antigens(9), modified sheep red 
blood cells, in contrast to human erythrocytes, 
are readily lysed in the presence of homo- 
logous rabbit antiserum and guinea pig com- 
plement, although the modified red blood cells 
of both species are equally well agglutinated. 
The reason for the failure of this antibody- 
complement system to effect lysis of human 
red blood cells remains to be elucidated. 

It has been established that red blood cells 
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FIG. 1. Blood sugar response in rabbits treated with insulin and with insulin plus glucagon. 
Hach point represents the mean of 24 tests and the bars indicate the 95% confidence limits. 
(A) At zero time 0.3 unit/kg of insulin S.C. (B) At zero time 0.1 unit/kg of insulin $.C. 


with the diluent used to prepare Insulin In- 
jection, U.S.P. 

Results. 1. Rabbit blood sugar. A. Gluca- 
gon-free insulin plus 1% glucagon. The rab- 
bits received 0.3 units of insulin per kg of 
body weight in each test. The mean of 24 
tests with each solution is plotted in Fig. 1A; 
the vertical bars represent the 95% confidence 
limits for each point. There is a difference in 
the 2 curves only during the first hour after 
the injection. During the period from one 
hour to 4 hours after the injection the curves 
are identical. The presence of glucagon in the 
insulin solution produced a hyperglycemia 
that reached its peak at 15 minutes and had 
given way entirely to the insulin action by 
one hour. Since the point of maximum insulin 
hypoglycemia did not occur until about 2 
hours after the injection, the glucagon action 
did not alter the degree of hypoglycemia pro- 


duced by the insulin. 

B. Glucagon-free insulin plus 10% gluca- 
gon. In the second series of animals the dose 
of insulin was reduced from 0.3 unit per kg 
to 0.1 unit per kg. This reduction in insulin 
dose assured that the hypoglycemia would not 
be maximal; thus, any glucagon effect should 
not be masked by an excess of insulin. When 
the ratio of glucagon to insulin was 1:100 the 
dose of glucagon administered was 0.14 pg 
per kg. In the second experiment the ratio 
was increased to 1:10 but the insulin dose 
was decreased by a factor of 3; thus, the 
amount of glucagon administered was_ in- 
creased only to 0.45 wg per kg. The results 
of this test are plotted in Fig. 1B. With 
the higher concentration of glucagon in the 
insulin solution, the hyperglycemia was 
greater and its duration was increased slightly. 
However, after this initial period the blood 
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FIG. 2. 


Blood sugar response of mice injected subcutaneously with glucagon. Each point is a 


mean value and the bars indicate 95% confidence limits. 


sugar curve was again the same as that ob- 
served following the administration of glu- 
cagon-free insulin. 

2. Mouse convulsion assay of insulin. The 
mouse assay of insulin is based on the fact 
that low blood sugar levels will cause con- 
vulsions(8). In this assay the doses of ‘stand- 
ard and unknown solutions are adjusted so 
that convulsions are produced in approxi- 
mately one-half of the group of mice within 
114 hours. From the figures so obtained the 
potency of the unknown may be calculated. 
An average dose of 4.1 wg of insulin was re- 
quired to produce convulsions in 50% of a 
test group of mice. The minimal amount of 
glucagon necessary to produce hyperglycemia 
in mice has not been determined, but Fig. 2 
shows the blood sugar response in control mice 
injected with the solvent used for all solu- 
tions, and in mice that received 0.1 »g and 
2.05 wg of glucagon. The blood sugar in- 
crease in the control animals can probably be 
attributed to the increased temperature to 
which all mice were subjected immediately 
after the injection. The hyperglycemia pro- 


duced by 0.1 pg of glucagon was not signifi- 
cantly greater than that of the control mice. 
It would therefore be necessary for any in- 
sulin solution to contain more than 2.5% 
glucagon in order for the glucagon to have 
any effect on mouse blood sugar and conse- 
quently on the mouse convulsion test. The 
blood sugar response to 2.05 pg of glucagon 
was significantly greater than the control 
values. This represents a glucagon concen- 
tration of 50% of the concentration of insulin 
used for the mouse convulsion assay. 

The results of assays of solutions of insulin 


TABLE I. Production of Convulsions in Mice 
Treated with Insulin and Glucagon. 


No. with % 


Treatment No. mice convulsions convulsions 
Wit 200 97 48.5 
I+ 1.5%* Gt 190 102 Doak 
i 80 43, 53.8 
I+ 3.5%* G 60 36 60.0 
i 728 403 55.4 
I+ 100%* G 728 401 Soul: 


* Caleulated on the basis of wt. 
+ I= Insulin; G = Glucagon. 
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FIG. 3. Blood sugar response of mice to insulin and insulin plus glucagon. Each point is a 


mean value and the bars represent 95% confidence limits. 


to which 1.5, 3.5, and 100% by weight of 
glucagon were added are presented in Table I. 
Little, if any, effect would have been expected 
from the low concentrations of glucagon since, 
even in the absence of insulin, they caused 
little or no hyperglycemia. However, even 
when the ratio of glucagon to insulin was 1:1 
there was no change in the production of con- 
vulsions. 

3. Mouse blood sugar. The lack of influ- 
ence of glucagon on insulin convulsions in 
mice prompted a study of the effect of glu- 
cagon and insulin on the blood sugar of mice. 
Fig. 3 presents the results of these experi- 
ments. The degree of hypoglycemia produced 
by insulin plus 50% glucagon by weight was 
the same as that produced by insulin alone. 
When glucagon was present in the solution, 
the blood sugar did not fall as rapidly as when 
insulin alone was injected, but the level 
reached at 30 minutes was the same. In mice, 
the convulsions produced by insulin occur 
between 30 and 90 minutes; therefore, the 
duration of the glucagon hyperglycemia is 
too brief to alter the mouse assay of insulin. 

Discussion. It has been suggested that 
even the small amounts of hyperglycemic ac- 


tivity existing in commercial insulin prepara- 
tions might reduce the effectiveness of the 
insulin by as much as 10%, and that this 
hyperglycemia could modify the results of the 
standard mouse convulsion test in such a way 
that this loss of effectiveness would not be 
apparent. The work that has been presented 
here shows clearly that the presence of com- 
paratively large amounts of glucagon in in- 
sulin solutions does not alter the degree of 
hypoglycemia in starved rabbits or mice, nor 
does it have any effect on the standard mouse 
convulsion assay. 

The animals used in these experiments were 
all starved for 17-18 hours and may be pre- 
sumed to have had low stores of liver gly- 
cogen. Since the degree of hyperglycemia 
produced by glucagon is dependent on the 
supply of liver glycogen, it is possible that 
the initial blood sugar increase in fed animals 
after the administration of insulin containing 
glucagon would be enhanced. However, even 
in well-fed rabbits, the peak of the response 
to subcutaneously injected glucagon occurs 
within 30 minutes after the injection and then 
falls rapidly toward normal, hence it is not 
likely that the glucagon in insulin would alter 
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the degree of hypoglycemia even in the pres- 
ence of a large liver glycogen store. Experi- 
ments to clarify this point are currently in 
progress. 

Summary. Experiments in rabbits and 
mice have demonstrated that the presence of 
glucagon in insulin solutions in ratios of from 
1:100 to 1:1 did not influence the degree of 
hypoglycemia produced by the insulin, and 
consequently did not alter the potency of the 
insulin preparation as determined by the 
mouse convulsion assay. 


The authors wish to thank Mr. Zane Frank and 
Mr. Darrell Caldwell for the blood sugar determi- 
nations on rabbits, and Mr. R. Kennedy for the 
blood sugar determinations and insulin assays on 
mice. 
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Moore, Hughes, and Gallagher(1) have 
pointed out the usefulness of rat seminal 
vesicles in investigations dealing with the 
physiological effects of male sex hormone. 
Furthermore, biochemical and histochemical 
studies have been carried out dealing with the 
action of this hormone on various aspects of 
the metabolic processes of the gland such as 
protein synthesis(2,3), respiratory metabol- 
ism(4), fructose production(4), and the ac- 
tivities of various enzymes(5). According to 
Roberts and Szego(6), there is little informa- 
tion available relative to the lipid metabolism 
of the male reproductive target organs. 
Mann(7) has described 3 types of cells in the 
epithelium of the seminal vesicles of the bull. 
The most numerous, type A, is columnar and 


* Journal Paper No. J-2488 of the Iowa Agric. Exp. 
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borders on the lumen. The cells of B type are 
located basally and are characterized by the 
presence of lipid. The C type is the least 
numerous and occurs among the A cells. The 
B type described by Mann(7) is probably the 
lipid-containing cell mentioned by Limon(8). 
It is of interest that Limon(8) reported the 
absence of lipid in the seminal vesicle of a bull 
calf of 3 months of age. Akutsu(9) observed 
the presence of lipid material in the epi- 
thelium of rat seminal vesicles. 

Data are presented dealing with changes 
in chemical composition, including dry matter, 
total N, and total lipid, of rat seminal vesicles 
during sexual development. In addition, ob- 
servations are included on sudanophilia and 
phospholipid distribution in this organ in in- 
tact as well as castrates and hormone-treated 
castrates. 


Materials and methods. Rats of the Holtz- 
man-Rolfsmeyer strain were used and were 
fed Purina Laboratory chow supplemented 
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TABLE I. Changes in Weight, Total Nitrogen and Total Lipid of Rat Seminal Vesicles during 
Sexual Development. 


ee 
See eee —— OO 


-—Seminal vesicles 


ma SE eS PT cP) 
Group No.of Dry wt, Total N., : Total 
No. animals Body wt, g Wet wt, mg Dry wt, mg % mg lipid, mg 
il 10 (i se Me 9.6 2.1 21.9 3) sks 
2 10 94 + 1.8 1-3 2.2 19.5 3) ail 
3 11 148 + 2.7 48.0*+ 46 10.0*+ 1.0 20.8 1.3 6 
4 1 189 Seal 4y SATO eas 25a, AO) Sie Kot 21.0 8.6 iy 
5 12 256 = 4.2 595.0 + 25.4 141.0 + 6.2 23.7 21.4 3.5 
6 9 298 + 3.5 693.0 + 29.7 166.0 + 8.8 24.0 24.9 3.8 
7 10 356 +4.2 1401.0 + 84.2 341.0 +21.4 24.3 51.8 5.5 
8 8 386 + 5.1 302.0 + 50.2 394.0 +41.0 24.9 59.5 4.7 


* Mean and stand. error. 


with raw carrots. A total of 81 rats divided 
into 8 groups was used to obtain data relative 
to the composition of the seminal vesicles dur- 
ing development. Animals were placed in 
various groups according to body weight as 
indicated in Table I. Dry matter of the sem- 
inal vesicles was determined by heating sam- 
ples at 105°C overnight in an electric oven. 
Total nitrogen analyses were made by a 
standard micro-Kjeldahl procedure. Dried 
glands were extracted with ethyl alcohol fol- 
lowed by ethyl ether in a Soxhlet extractor and 
the lipid was determined gravimetrically fol- 
lowing solvent removal on a steam bath. 
Lipid distribution in the seminal vesicles of 
rats was studied by histochemical procedures. 
A total of 27 animals was used in this phase 
of the investigation as follows: 3 intact sex- 
ually mature males; 12 castrates, 2, 5, 10, and 
20 days after gonadectomy; and 12 castrates 
receiving subcutaneously 500 pg of testoster- 
one propionate (Peranderen) daily for 2, 5, 
10, and 20 days. The seminal vesicles of ani- 
mals receiving hormone were allowed to 
atrophy for a 20-day period following or- 
chidectomy prior to treatment. At time of 
castration, these animals weighed 250-300 g. 
Tissues were fixed in 10% neutral formalin 
and embedded in gelatin. Frozen sections 
were cut at 10 » and stained with Sudan black 
B and oil red O. In addition, tissue was 
fixed in formaldehyde calcium and weak 
Bouin’s fluid as recommended by Baker(10) 
for the acid hematin test for phospholipids. 

Results. Data obtained relative to changes 
in weight, total N, and total lipid of the 
seminal vesicles of the rat during growth are 
presented in Table I. 


The data presented in Table I indicate 
that there was no significant difference be- 
tween the dry weights of the seminal vesicles 
of Group 1 and Group 2; however, the mean 
body weight of the latter was 17 g greater 
than the former. It is suggested that the in- 
crease in the weight of the seminal vesicles 
of Group 3 was due to the onset of secretory 
function of the testes. This agrees with the 
findings of Moore and Price(11) who reported 
that rats were approximately 35 days old be- 
fore the testes produced a sufficient amount 
of hormone to induce a seminal vesicle re- 
sponse. Likewise, Callow and Deanesley(12) 
reported that the strain of rats used by them 
weighed 100 g before the seminal vesicle 
weight began to increase. While the mean 
body weight of Group 5 was approximately 
3 times greater than Group 1, the seminal 
vesicle dry weight of Group 5 was 67 times 
greater. Also, the body weight and seminal 
vesicle dry weight of Group 8 increased 5-fold 
and 188-fold, respectively. The increase in 
percentage dry weight between Groups 5 and 
8 as compared to that between Groups 1 and 
4 was due to an accumulation of secretion 
inasmuch as these data were based upon dry- 
weight determinations of the glands and their 
contents. The total nitrogen content of 
these glands and their secretion increased 
200-fold between Group 1 and Group 8; 
whereas, the total lipid increased approxi- 
mately 50 times. The lipid in these glands 
was present only in the tissue as it has been 
demonstrated that the secretion is fat free(2). 

The average lipid content of the seminal 
vesicles of 21 intact males weighing between 
250 and 300 g was 3.7 mg per gland. Ona 
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FIG. 1. Diffuse sudanophilia in eytoplasm of secretory epithelium of rat seminal vesicles of 
intact animal following Sudan black B. Note non-reacting secretory granules. (600) 
FIG. 2. Lipid distribution in epithelium and interacinar stroma of 20-day castrate rat. 


(X 600) 


dry-weight basis this was 2.4% total lipid. 
Moreover, a diffuse sudanophilia was observed 
in the cytoplasm of the secretory epithelium 
of rat seminal vesicles of similar intact ani- 
mals following Sudan black B as shown in 
Fig. 1. Most of this coloration was present 
in the apical areas. Numerous non-reacting 
secretory granules, surrounded by clear un- 
stained halos, were present. It is important 
to stress that these granules were comparable 
in appearance to those observed in sections 
extracted with ethyl ether-chloroform mixture. 
The nuclei were unstained as indicated in 
Fig. 1. Numerous small droplets of lipoidal 
material were noted in the lumen of arterioles 
and venules and in a few cases, lipid was 
present in the interacinar stroma. A strong 
reaction for phospholipids was demonstrated 
in the secretory granules of the epithelium 
whereas other components of this tissue were 
unreactive with Baker’s acid hematin method. 
A positive test was found in most erythrocytes. 
No lipid was demonstrated in the secretion 
in the lumen of the gland (Fig. 1). This 


confirms results of earlier work dealing with 
the chemical composition of the secretion(2). 

Two days following castration the secretory 
epithelium showed indications of transition 
from the columnar to the cuboidal type. As 
in the intact animals, the greatest amount of 
sudanophilia was demonstrated in the apical 
portion of the cytoplasm, but a weak reaction 
was noted in the basal region of these cells. 
This sudanophilic material appeared, in many 
instances, as more discrete droplets than that 
observed in the intact animals and only occa- 
sionally were there fine fat globules present 
in the interacinar stroma. Reactive, small 
secretory granules with Baker’s method were 
present in the apical cytoplasm of the epi- 
thelium at this time. In addition, droplets of 
phospholipid were observed in the basal end 
of these cells. The secretory epithelium of 
5-day castrates had changed to a cuboidal 
type. No secretory granules were visible in 
the cytoplasm, and only a weak sudanophilia 
was seen in the apical end of the cell. The 
involution of the secretory epithelium follow- 
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ing castration was accompanied by an ap- 
parent increase in sudanophilic lipid at the 
basal region. The marked accumulation of 
lipid observed may have resulted from either 
lipid synthesis and deposition in this region, 
or the dispersed sudanophilic material may 
have collected basally during cytoplasmic re- 
gression. A fine reacting granulation was noted 
in the connective tissue of the interacinar 
stroma. Cytological appearance after 10- and 
20-days castration was similar to that of the 
5-day animal. Fig. 2 shows the lipid distribu- 
tion in the epithelium and interacinar stroma 
of a 20-day castrate. It is of interest that 
the average lipid content of the seminal vesi- 
cles of 3 castrate males weighing approxi- 
mately 300 g was 2.9 mg per gland or 12.9% 
total lipid. These animals had been gonadec- 
tomized 20 days. In the 5-day castrate there 
appeared to be an increase in the amount of 
phospholipid at the basal portion of the secre- 
tory epithelium. However, in the 10- and 
20-day gonadectomized animals, a_ small 
amount of reactive material was uniformly 
present in the basal portion of the cells and 
in a few cases, apparent in the apical region. 

Two days following hormone treatment a 
diffuse sudanophilia was again observed in the 
apical cytoplasm of the secretory epithelium. 
During this interval these cells had increased 
in height and a few secretory granules were 
visible. In some cases secretory granules have 
not been observed in the seminal vesicles of 
the rat 2 days following hormone treatment 
(1,3). However, this may be the result of 
the different fixing and staining technics em- 
ployed. Occasionally droplets of material 
staining with Sudan black B were localized 
at the basal end of the epithelium and a few, 
fine granules were dispersed in the interacinar 
stroma. A positive phospholipid reaction was 
observed in the few secretory granules which 
were visible in the cytoplasm at this time, 
and occasionally droplets of positive material 
were observed in the basal portion of these 
cells. A diffuse cytoplasmic sudanophilia was 
noted in the apical and basal regions of the 
secretory epithelium in the 5-, 10-, and 20- 
day hormone treated castrates. The intensity 
of this reaction was comparable to that ob- 
served in intact males. Furthermore, the in- 
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crease in number and size of secretory gran- 
ules in these injected animals was accom- 
panied by an associated phospholipid reaction. 
These results suggest that phospholipids are in 
some way involved in the active metabolism 
of the secretory epithelium, particularly the 
granules. In all stages described, the nucleus 
was unreactive (Fig. 1 and 2). Results ob- 
tained with oil red O were similar to those 
reported for Sudan black B. Treatment of 
sections with 1:1 ethyl ether-chloroform mix- 
ture removed most of the reactive lipid in this 
tissue. 


Summary. In sexually immature rats (wt 
77 g) the seminal vesicles weighed 2.1 mg 
(dry wt) and contained 0.3 mg total N and 
0.1 mg lipid, whereas in sexually mature ani- 
mals (wt 386 g) the glands weighed 394 mg 
with 59.5 mg N and 4.7 mg lipid. A diffuse 
cytoplasmic sudanophilia was observed in the 
columnar epithelium of the seminal vesicles 
of sexually mature males. Following castra- 
tion there was a marked accumulation of lipid 
in the basal end of the cuboidal cells. The 
administration of testosterone propionate 
caused the diffuse sudanophilia to appear. 
Phospholipid was observed in the secretory 
granules. A marked reduction in phospho- 
lipid reaction was observed following gonadec- 
tomy due to the disappearance of the gran- 
ules. A marked increase in the granules and 
associated phospholipid reaction was noted 
following hormone replacement. 
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A Practical Laboratory Preparation of Avidin Concentrates for Biological 


Investigation. 


FREDERICK G. DHYSE. 


(20936) 


(Introduced by Roy Hertz.) 


From the National Cancer Institute, Bethesda, Md. 


The production of a biotin deficiency in 
laboratory animals or in patients requires the 
ingestion of large quantities of egg white. For 
example, one investigator(1) gave each pa- 
tient 36-42 egg whites per day for 6 months. 
Inasmuch as the anti-biotin activity of egg 
white is due to avidin(2) which constitutes 
less than 0.05% of egg white proteins(3), a 
convenient method of concentrating this ac- 
tivity is desirable. 

The objective of this work was a simple 
method of preparing substantial amounts of 
avidin concentrate, adequate in activity for 
animal experimentation and clinical trial, 
rather than a method for obtaining a small 
amount of “pure” avidin for chemical and 
physical analysis. 

Method. Four hundred grams of dried egg 
white* was dissolved in 4 liters of distilled 
water and adjusted to pH 5.1 with one normal 
hydrochloric acid. Then 4% liters of acetone 
were added and after stirring for 15 minutes 
more, the batch was filtered on a 24 cm 
diameter Buchner funnel using Whatman No. 
52 paper. The acetone filtrate was discarded 
and the filter cake suspended in 2 liters of dis- 
tilled water, stirred 15 min. and filtered. The 
wash water filtrate was discarded and the pre- 
cipitate was extracted in 4 liters of 1% sodium 
chloride for one hour (the batch was usually 
allowed to stand overnight at this point). The 
batch was filtered and the saline filtrate used 
to extract a second 400-g portion of egg 
white treated in the same manner as the first. 
The batch was filtered and a fresh 4-liter 


Sioreductol Wilson Co., Chicago, Ill. 


portion of saline was used to extract each cake 
in turn. The saline filtrates (representing 
800 g of dried egg white), were poured into 
15-inch lengths of dialysis tubing,t 3 inches 
in diameter. These “sausages” were then put 
into tall (6 x 18 in.) pyrex battery jars filled 
with distilled water. The dialysis was carried 
out in a refrigerator at about +5°C, and 
is continued for 2 days with twice daily 
changes of distilled water. The active frac- 
tion precipitates at this time. The contents 
of the dialysis bags were rinsed out into a 
2-gallon pyrex battery jar. However, most of 
the precipitate was quite sticky and clung to 
the tubing, but it could be removed by rinsing 
the bags with 3 successive 100 ml portions of 
1% NaCl in which the precipitate is com- 
pletely soluble. The saline rinsings were kept 
separate from the water rinsings. About 50 g 
of filter aid+ was then stirred into the water 
rinsings from the dialysis bags to collect the 
suspended avidin. The Celite was filtered out 
and suspended in the saline rinsings, stirred 
for about one-half hour and filtered. The salt 
solution which contains the avidin activity 
was mixed with an equal volume of cold ethyl 
alcohol which caused precipitation of the pro- 
tein but not of the salt. The precipitate was 
removed by centrifugation in a refrigerated 
centrifuge and after washing once with 50% 
alcohol. The precipitate freeze-dried to a 
powder. 


t+ Cellulose Sausage Casings-Visking Corp., Chicago, 
Ill. 

+ Celite analytical filter aid—Johns-Manville Co. 
A Diatomaceous silica filter aid. 
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TABLE I. Distribution of Avidin Activity during Fractionation. 
Variation 
Cone. of ayi- Total wt No. of in total 
din activity, or vol Total activity fractions activity 
Fraction units/g or /ml offraction of fraction tested of fraction 
1. Dried egg white” 4.0 /g 800 g 3200 ot 3.6-6.8/g 
2. Acetone filtrate ) fran! 9000 ml 0 5 oe 
3. Wash water filtrate .02 /ml 4000 ‘ 80 3) Bn32 
4. 1% NaCl extract prior to dialysis 24 /ml 8000 1920 5 1600-2400 
5. Filter cake residuet (discarded .20 /ml 5000 ” 1000 3 450-1500 
after saline extraction) ; - ; : we 
6. Filtrate from solutions in bags .005 An] 8400 42 6 42-67 
after dialysis 
7. 1% saline extract of precipitate in 2.5 /ml 600 ” 1500 10 1080-1800 
dialysis bags 
8. Final dried product (yield from 1500 /g 80g 1200 24 900-2000 


dried egg white—38%) 


* One unit of avidin activity is that amount required to completely neutralize the yeast growth sup- 


ported by one wg of free crystalline biotin. 


t Five different lots of egg white from same and different suppliers were tested. ; 
t Filter cake residue (after regular saline extraction) was suspended in 5000 ml of 1/10 molar di- 
basic potassium phosphate solution—stirred for 1 hr to set overnight and filtered next morning. Figures 


shown are for assay of this filtrate. 


Microbiological assay. The anti-biotin ac- 
tivity of the fractions was followed by a 
microbiological assay of the inhibition, by 
avidin, of the biotin induced growth of yeast$ 
on the medium of Hertz(4). Suitable aliquots 
of sample (ca. 0.05 pg of solids with most 
active fractions) were added in graded 
amounts to test tubes containing the complete 
medium and 1 x 10% yg of biotin. The biotin 
binding capacity was calculated from the dif- 
ference between the known biotin added and 
that found by assay after addition of avidin. 

Results. The distribution of avidin activity 
in the fractionation process is shown in 
Table I. The yield of final active fraction 
in a typical batch was 1200 units (in 800 mg) 
from dried egg white containing 3200 units or 
38% recovery. The accountable losses, due 
to water soluble and saline-insoluble avidin 
fractions were 80 + 1000 + 42 = 1122 units. 
Subtracting (1200 + 1122) units from the 
original 3200 leaves 898 units of unaccount- 
able losses, due to inactivation of the avidin 
and general losses in processing. 

The solubility in 1% saline (25 mg/ml) 
and characteristic stickiness of the dried 
product answer to the description of the 
avidin “XA” fraction reported by Fraenkel- 


§ The yeast was Saccharomyces Cerevisia ATCC 
9896, from American Type Culture Collection, Wash- 
ington, D. C. 


Conrat(3,5) who described ‘‘avidin” as being 
composed of 3 different fractions, ‘‘Avidin A”, 
“Avidin NA”, and “Avidin XA.” 

Our method is a modification of the method 
of Eakin, Snell, and Williams(2). These 
authors coagulated fresh egg white with ace- 
tone. The coagulum was washed and filtered 
and the filter cake extracted with salt solution. 
The volume of this salt solution was reduced 
by precipitating the protein containing the 
active fraction, with 2 volumes of acetone. 
The precipitate (with filter aid) was filtered 
out and suspended in 2% ammonium sulfate, 
and filtered again. The active fraction was 
separated from the filtrate by ammonium sul- 
fate fractionation, collected on a filter aid and 
the active precipitate filtered out and _ sus- 
pended in a small volume of water. The filter 
aid was removed and the solution dialyzed. 
The active protein was precipitated, from the 
solution in the dialysis bag, with acetone. 
The precipitate was then centrifuged out and 
dried in a vacuum. 


The process described in this paper differs 
from that of E.S.W. in that dried egg white 
is used instead of fresh egg white. The sec- 
ond acetone precipitation and the ammonium 
sulfate fractionation steps are omitted. Fur- 
thermore, an initial adjustment of the egg 
white solution to pH 5.1 is made. This pH 
5.1 value was determined empirically and is a 
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critical step in the process. The final yield 
of avidin from the original egg white is ap- 
proximately the same by both methods (i.e., 
38% shown in Table I and 35% for E.S.W.). 

Although distilled water was used in the 
dialysis, it would be more convenient to use 
cold running tap water if water of good qual- 
ity and low in iron is available. 

Summary. 1. Preparation of avidin con- 
centrates by precipitation of the active frac- 
tion during a 2-day static dialysis (in dis- 
tilled water) of a 1% saline extract of an 
acetone coagulation of dried egg white solution 
at pH 5.1 has been described. 2. The activity 
of these preparations (1.5 units/mg) averages 
20% that of “pure” avidin|! (8.0 units/mg) 
and the yield is about one g of such material 
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from 800 g of dried egg white. 3. About 100 
Ib of dried egg white has been processed by 
the method described. 


|| “Pure” avidin—considered as 8 units/mg (Ref. 
3) and having electrophoretic characteristics of a 
single species of molecule. 
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Pantothenic Acid Deficiency and Loss of Natural Resistance to a Bacteria! 


Infection in the Rat.* 


(20937) 


THEODORE F. ZUCKER AND Lois M. ZUCKER. 


From the Department of Pathology, College of Physicians and Surgeons, Columbia University, 
New York City. 


This report deals with a consequence of 
pantothenic acid deficiency which, while 
alluded to by others, has not been subjected 
to detailed study. Many sudden deaths were 
encountered due, apparently, to an acute 
respiratory infection of a type we had not 
previously encountered in any rats. Dr. 
Nelsont (personal communication) obtained 
from some typical lesions pure cultures of a 
corynebacterium which reproduced a similar 
disease picture in mice. He called attention 
to the fact that this type of disease (‘‘pseudo- 
tuberculosis” —for description see Dingle(1) ) 
is known to occur spontaneously in mice, and 


* This investigation was supported in part by a 
grant from the National Vitamin Foundation. Vita- 
mins were generously supplied by Hoffmann-La 
Roche. 

+ We take this opportunity to express our thanks 
to Dr. John B. Nelson of the Rockefeller Institute 
for his kind cooperation. Out of his wide experi- 
ence with respiratory infections in laboratory animals 
he has been of frequent assistance in our struggles 
with the knotty problem of lung infections in the rat. 


that the corynebacterium responsible for it 
is generally held to be non-pathogenic for rats. 
This indicated that pantothenate deficiency 
abolished the species-determined natural re- 
sistance of the rat to this organism. The data 
given below were obtained some time ago, but 
publication was delayed awaiting the findings 
of Seronde(2) which verify the observations 
on the spontaneous disease by means of in- 
oculation studies. 

Methods and materials. The basal diet had 
the following composition, in g/100 g of 
diet: vitamin “free” casein (Labco) 18.0; 
glucose (Cerelose) 71.85; salt mixture (modi- 
fication of Wesson salt mixture with 1.0% 
Ca and 0.55% P in the resulting diet) 6.1; 
cottonseed oil 2.0; cellulose (Celluflour) 2.0; 
l-cysteine hydrochloride 0.05.4 Incorporated 


t As an antioxidant. By this addition, and by the 
use of ferrous iron (FeSO,) and cuprous copper 
(Cu,O) in the salt mixture, keeping quality of the 
diets is much improved. An unpleasant odor fails 
to develop, and carotene color persists. 
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in the oil were 5 mg alpha tocopherol and 
1500 international units of vit. A activity as 
carotene. The cellulose was the vehicle for 
the vit. B factors and also 0.5 mg 2-methyl- 
naphthoquinone. Two vitamin supplements 
were used. Supplement I contained, per 100 
g diet, 1 mg thiamine and pyridoxine hydro- 
chlorides, 2 mg riboflavin, 4 mg niacin. Sup- 
plement II contained, in addition to the above, 
0.2 mg pteroylglutamic acid, 0.02 mg biotin, 
0.0012 mg By», 20 mg inositol, 10 mg p-amino- 
benzoic acid, 100 mg choline chloride; also 
separately by mouth, 1 drop cod liver oil 
twice a week, 10 mg ascorbic acid 5 times a 
week. Further dietary modifications  in- 
volved the amino acid supply. In some of the 
youngest age groups a comparison was made 
between 18% casein, 18% casein plus 0.2% 
I-cystine, and 30% casein. The rats were 
housed in screen bottomed cages with 14-inch 
mesh. Our rat stock was derived from the 
colony of Dr. Sherman, in the Chemistry De- 
partment of Columbia University. For a num- 
ber of years (10-14 generations), they have 
been selectively bred in this laboratory for 
body size, resulting in a small, an interme- 
diate, and a large rat. The largest averages 
consistently 50% heavier than the smallest 
from weaning time on. Throughout, selection 
by progeny testing was also made for lungs 
showing minimal incidence of grossly visible 
lesions at approximately one year of age, with 
the result that the common enzootic lung 
disease as described by Nelson(3) has been 
diminished to 1/4 to 1/5 of the original in- 
cidence(4). The rats on which the present 
report is based were of the intermediate and 
large sized strains (13C and 14C). 


Resuits. Our attention was first arrested 
by unexplained sudden deaths in rats put on 
the deficient diet at 3 weeks of age. Such 


TABLE I. Incidence of Spontaneous Corynebae- 
terium Infection in Pantothenate Deficient Rats. 
I oa Ne Lan eg 


Initial Vit. —— % affected — 
age (wk) suppl.* Nt Mean Ranget 
B- 4 I 67 61 38-62 (6) 
IL 20 55 
5- 6 I 17 59 
15-90 I 158 1 
II 28 0 
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TABLE II. 
Mortality in Pantothenate Deficient Rats. 


Days on exp. for 50% 


Initial mortality 
age (wk) Nt Mean Rangef 
3 48 49 42- 54 (3) 
4 39 67 60— 75 (3) 
5) 9 67 
6 16 93 90- 96 (2) 
8 8 126 
10 12 143 
15-17 10 125 
35-50 2g 2 104 
35-90 9 147 102 99-110 (7) 


* Suppl. I is the simplified supplement of 4 B 
vitamins. II provides all known factors except 
pantothenate. 

+ Somewhat different experimental groups are 
involved in the two tables, so the N values are not 
the same. Table I excludes rats on which there 
were not satisfactory gross autopsies. Table IT ex- 
cludes experimental groups in which many rats 
were killed before spontaneous death. 

t This is the range of mean values for groups of 
eight or more rats. The figure in parentheses is the 
number of such groups. 


deaths occurred as early as 21 days after the 
regime was started. Further observations are 
recorded below under various pertinent head- 
ings. 

Description of the disease. There was little 
warning of the presence of the infection ex- 
cept occasional respiratory noise or embar- 
rassment. Characteristic lesions at autopsy 
were serofibrinous pleural and_ pericardial 
exudate associated with small white abscess- 
like nodules. On section of the lungs these 
were found scattered through the parenchyma, 
and intervening tissue showed congestion and 
edema. Similar nodules not infrequently in- 
volved the liver, kidney and spleen. 


Incidence in various age groups. Table I 
records the incidence of the disease as judged 
by gross autopsy findings in groups of rats 
started on the deficient diet at ages as early 
as 3 weeks and as late as 90 weeks. Appar- 
ently rats put on the deficient diet later in life 
do not develop the disease. Whether this is 
due to the smaller pantothenate requirement 
as the rat matures or to the development of a 
defense mechanism independent of panto- 
thenic acid remains to be seen. The deaths in 
young rats which were not accompanied by 
gross signs of infection may be referable to 
some as yet unknown early results of the de- 
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ficiency, or perhaps to an exotoxin produced 
by the corynebacterium (see Topley and 
Wilson(5), pp 461 and 471). The shortest 
experimental period leading to death with 
signs of corynebacterium infection was 21 
days. 

Mortality. The ability to survive on a 
pantothenate deficient diet first increases with 
increasing starting age, and then decreases 
(Table IT). The life of the adult rat is prob- 
ably shortened by the severe perforating 
duodenal ulcers which are commonly found 
(Berg e¢ al.(6)). This lesion, which is par- 
ticularly prominent in adults, offers an argu- 
ment against the idea that adults do not de- 
velop an extreme deficiency state. 

General condition of the susceptible rats. 
It has frequently been pointed out (e.g. 
Schneider(7)) that increased susceptibility to 
infection is of doubtful significance in nutri- 
tion studies if it appears only when the animal 
has become greatly debilitated, with much 
loss of weight, severe inanition, or with falling 
body temperature. In the present work the 
animals on the whole remained active and in 
good condition until shortly before death. 
During the development of the deficiency state 
no differences were observed in daily meas- 
urements of rectal temperature between ex- 
perimental and control animals. How ful- 
minating the progress of the infection may be 
is illustrated by a rat which was active and 
had a normal temperature the day before 
death, and was active on the morning of its 
death. In the afternoon it became prostrate 
and its temperature fell to 97° at 2 P.M. and 
96° at 4 P.M. It was dead at 5 P.M. A blood 
culture was positive for corynebacteruim. 

Growth. Our growth data on young rats 
are similar to those in the graph recorded by 
Krehl ef a/.(8), concerning which they say: 
“Tnanition, so often a factor in dietary de- 
ficiency states, was not a serious problem in 
these studies.” The initial moderate growth 
is followed by weeks of essentially constant 
body weight. We found no precipitate weight 
losses up to 24 hours before death. Like the 
drop in rectal temperature, such weight loss 
is attributable to the infection. 

Dietary modifications. The various modi- 
fications described above produced no signifi- 
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cant differences in the results. We have illus- 
trated this point in Table I by separately list- 
ing the results with the 2 vitamin supplements. 
The simplified supplement is like that of Daft 
et al.(9) used in the study of blood dyscrasias 
before pure folic acid was available. When 
granulocytopenia, a condition known to favor 
certain types of infection, had developed, 
many animals died suddenly even though the 
granulocytopenia was cured by pantothenate 
administration. Their later results indicate 
that the granulocytopenia was due to lack of 
intestinal folic acid synthesis. Our observa- 
tions as well as those of others(10,11) confirm 
the absence of granulocytopenia in panto- 
thenate deficiency if folic acid is given. The 
intervention of infection such as here de- 
scribed would explain their experience. 
Discussion. lf the question is raised as to 
why an apparently obvious cause of death 
such as described here has not received more 
attention, several considerations are pertinent. 
In the first place, respiratory disease is so 
universally enzootic in rat colonies that many 
investigators may consider lung infections 
troublesome but not relevant to experimental 
procedures. Furthermore there are rat strains 
much less susceptible, when made deficient, 
than those on which the present observations 
are based. Our small-sized strain (9B) which 
was not employed in these experiments has 
been found definitely less susceptible. While 
Nelson(12) noted the occurrence of coryne- 
bacterium saprophytic in the upper respira- 
tory passages of normal rats, it is not known 
how universally such organisms are distrib- 
uted in laboratory environments. On the 
other hand, Supplee e¢ a/.(13) and Daft et al. 
(9) have discussed sudden unexplained 
deaths, and Salmon and Engle(14), Jurgens 
and Pfaltz(15), and Krehl e¢ al.(8) noted 
greater than usual incidence of respiratory 
infections in pantothenate deficient rats. 
Krehl e¢ al.(8) said of their deficient animals 
used for further experiments: ‘All animals 
were carefully chosen so as to be free of 
respiratory infection to which the pantothenic 
acid deficient rats seem to be quite suscepti- 
ble.” These remarks, as well as the rather 
extended discussion of Daft et al.(9) show 
that the kind of phenomenon here described 
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is not restricted to one laboratory. 

While the rat is held to be not susceptible 
to corynebacterium (notably including C. 
diphtheriae), 2 exceptions to this general 
statement have been reported. In one of 
Gyorgy’s earliest papers on vitamin H de 
ficiency (anti-egg white factor, biotin), Gun- 
del, Gyorgy, and Pagel(16) described in rats 
a corynebacterium infection similar to ours. 
The diet composition was not given. Le- 
Maistre and Thompsett(17) found that in 
rats with very large daily injections of cor- 
tisone a spontaneous disease emerged closely 
resembling that here described, and attributa- 
ble to a corynebacterium similar to ours. The 
possible relation between these 3 unusual 
phenomena remains to be investigated. It is 
however unlikely that any simple relation such 
as high cortisone activity in the deficient ani- 
mals is responsible. LeMaistre and Thomp- 
sett had to use cortisone doses large enough 
to produce weight losses of 100 g or more. 
Winters et al.(18) have produced good evi- 
dence for lowered adrenal activity in panto- 
thenate deficiency. 

Striking as the acute infectious death due 
to a nutritional deficiency is, there is so far 
no evidence that these findings have any bear- 
ing on practical nutrition problems. In this 
connection, however, the observations of 
Luecke (R. W. Luecke, personal communica- 
tion) on the appearance of corynebacterium 
infection in pantothenate deficient suckling 
pigs are of interest. The dams were on puri- 
fied pantothenate deficient diets. Our isolated 
observations (unpublished) on the appearance 
of the infection in rats kept for several months 
on a diet containing a small, but insufficient, 
amount of added pantothenate, as well as the 
very early susceptibility after only 16 days 
on a completely deficient diet reported by 
Seronde(2), justify at least an awareness of 
further possibilities. Luecke(19) has also 
shown that practical pig rations (7.e., com- 
posed of natural feeds) may give rise to de- 
ficiency signs which are abolished by panto- 
thenate. 

An easy explanation of the loss of resistance 
would be available, in agreement with Cul- 
bertson’s(20) scheme for the rat’s defense 
against Trypanosoma cruzi, if it were shown 
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that the defense in the case of the normal rat 
is through the very rapid formation of anti- 
bodies, and if the effect of pantothenate de- 
ficiency falls in line with Axelrod’s(21) ob- 
servations on low antibody (hemagglutinin) 
formation. It should be noted that Axelrod’s 
observations on pantothenate deficiency do 
not agree with those of Stoerk(22), who found 
no lack of antibody in this deficiency. Axel- 
rod offers as explanation the weaker antigen 
stimulus of the sheep cells Stoerk used as 
against the human cells which were the basis 
of his observations. If this difference in an- 
tigen can affect the result to such an extent, 
then certainly antibody response to invading 
organisms is not immediately deducible from 
hemagglutination studies. 

Furthermore, when one surveys the data 
which have led to suggestions as to the 
mechanisms of natural resistance, it becomes 
apparent that there is no one universal mech- 
anism of defense (see Raffel(23), pp 3-23). 
For the present, at least, it will be necessary 
to consider each case separately with regard 
to host species or even strain, the nature of 
the invading organism and other pertinent 
conditions, such as the age and the particular 
nutritional condition under study. 

Summary. Pantothenate deficient rats may 
lose the innate species determined resistance 
to infection with a type of corynebacterium 
so far known to be pathogenic only for mice. 
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Resistance of Rats to Inoculation with Corynebacterium Pathogenic in 


Pantothenate Deficiency. 
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(Introduced by T. F. Zucker.) 


From the Department of Pathology, College of Physicians and Surgeons, Columbia University, 
New York City. 


During the course of other work in this 
laboratory(1) an unusual infection was en- 
countered in over 50% of rats dying in pan- 
tothenate deficiency. Discrete lesions in sev- 
eral of these animals yielded pure cultures of 
a corynebacterium, a group commonly con- 
sidered to be non-pathogenic for rats. The 
present preliminary study was carried out in 
order to determine whether this organism was 
actually the causative agent of the observed 
lesions, and to test their reproducibility in 
both deficient and well-fed rats. 

Methods and materials. The rats used in 
this study were of the more susceptible 13C 
and 14C strains described in the preceding 
paper(1). The same basal pantothenate-de- 
ficient diet was used, modified by the addition 
of 0.2% 1-cystine and with “Vitamin Supple- 
ment II,” omitting cod liver oil and ascorbic 
acid. Litter mate control rats received this 
basal diet to which 4 mg of calcium pantoth- 
enate per 100 g had been added. In addition 
to this, a group of young rats was given a 
natural food stock diet in the first experiment. 

The mice used were random bred offspring 
of 3 strains which happened to be available: 


“Swiss” albinos, C57 blacks, and Strong’s 
BrS. They were fed a pelleted diet (Derwood). 
The organism bears a close morphological 
resemblance to C. diphtheriae. Its character- 
istics were studied only to an extent which 
enabled us to recognize it when recovered 
from ithe lesions of spontaneous and experi- 
mental infections. Morphology, growth char- 
acteristics, fermentation reactions and patho- 
genicity have remained constant through 
subcultures and animal passages for nearly 
2 years. For all animal inoculations, 0.15 cc 
of a 24 hour plain broth culture was used. 
Experimental animals and controls invariably 
received organisms from the same individual 
culture. Tissues were fixed in Zenker’s solu- 
tion, and paraffin sections were stained with 
hematoxylin and eosin, Gram’s stain, and Mal- 
lory’s trichrome. 

Results. Spontaneous infection. The first 
experiment was designed primarily to obtain 
virulent cultures of the corynebacterium in 
question. Nine rats were placed on the pan- 
tothenate-deficient diet at 3 weeks of age. Of 
these, 4 developed the desired infection, dying, 
on an average, 68 days later. From them the 
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organism was readily cultured, and appeared 
in enormous numbers in direct smears from 
characteristic lesions. 

As part of the characterization of the or- 
ganism, the effect of intraperitoneal injection 
was determined on several small groups of 
mice. Out of 23 animals, there were 14 fatal 
infections. 

Lesions. The following description is de- 
rived chiefly from our observations of the 
spontaneous disease, but is strengthened by 
the study of many experimentally produced 
infections. These latter, in deficient animals, 
differ from the former chiefly in the location 
of lesions, a matter influenced by the point of 
introduction of the organisms. In the spon- 
taneous disease the lungs and pleura are the 
tissues most conspicuously affected, often 
with the pericardium, and by extension, the 
myocardium. Spleen, kidney and liver are 
less frequently and noticeably involved. Ul- 
ceration and necrosis in the mouth is some- 
times extensive, and there may be cervical 
lymph node involvement. Rounded clumps of 
bacteria, staining blue in the routine hema- 
toxylin and eosin sections are the most funda- 
mental feature found in all lesions so far ob- 
served. They vary in size and number with 
the severity of the infection, and are often 
coated with a light layer of fibrin, particularly 
when on a serous surface. Generally a few 
polymorphonuclear leucocytes are in close 
contact with them. Deeper in the tissues, the 
bacterial clumps are more often associated 
with necrotic debris and exudate of which 
polymorphonuclear leucocytes in various 
stages of disintegration form a recognizable 
component. The foregoing form gross masses 
which if sufficiently large, appear opaque, 
somewhat granular, and practically white. 
The term caseous is apt. In fulminating cases 
these masses in the lung may be associated 
with extreme congestion, oedema, and focal 
hemorrhage. Macrophages are _ scattered 
through such exudate. In other cases, the 
bacterial and necrotic masses are enclosed and 
limited by densely packed mononuclears. The 
thickness of this mononuclear layer varies, 
and the tissue beyond it is generally clear of 
exudate. Sometimes the bacterial and necrotic 
masses are encapsulated by fairly cellular 
fibrous tissue, seeming to denote a relatively 
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greater resistance on the part of the animal 
in question. 

Inoculation of young rats on natural food 
stock diet. Eleven animals 3 and 4 weeks old 
received 0.15 cc of broth culture intraperi- 
toneally as described above. They continued 
to gain weight in a normal manner. They 
were killed 13-14 days later. Of the 11 ani- 
mals, 5 showed either no lesion, or a com- 
pletely healed minimal one. Three had small 
subcutaneous abscesses at the site of injection, 
without other sign of disease; and 3 others 
had in addition to this, healing or healed 
local peritoneal involvement. Simultaneously 
with the above experiment, auxiliary data 
from animals on the same diet were obtained 
from 4 which were injected in the foot with 
the same dose of organisms. Here the gross 
development of resultant lesions could be more 
easily followed. The animals were somewhat 
older: 40 and 68 days. Swelling and redness 
with abscess formation soon developed, but 
at the end of a week three had almost healed, 
and the fourth showed some subsidence of the 
swelling. No sign of active disease was present 
at the time of autopsy a month later. Those 
that had recovered most promptly bore no 
trace whatever of infection. The fourth had 
an externally visible but completely healed 
scar at the site of injection. Nineteen addi- 
tional rats on a completely supplemented puri- 
fied diet served as littermate and time controls 
for the various pantothenate-deficient rats as 
discussed below. 

Experiments on pantothenate-de ficient rats. 
(Table I.) The effect of the corynebacterium 
culture upon young  pantothenate-deficient 
rats was next determined. The experiments 
first performed were necessarily of an ex- 
ploratory nature; they consisted of small 
groups of rats with variations in starting age, 
age at inoculation, and mode of inoculation. 
This has complicated our task of clear presen- 
tation, but the underlying phenomena appear 
unequivocal. 

Two series of rats were run, starting at dif- 
ferent ages. In series A, thirteen young rats 
with eleven littermate controls were placed on 
their respective diets at 3 weeks of age. The 
control diet contained a supplement of calcium 
pantothenate. This series was divided into 3 
groups: Group 1 consisted of 5 animals with 
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TABLE I. Experiments on Pantothenate-Deficient Rats. 


te Days 
Series Group deficient* Experimental Control 
A 1 16 1 severe infection 4 complete recovery 
4 moderate or localized infection 
2 23 1 severe infection 1 ce 
5) 40) if ce y 4 iy 
2 minor residua 
B 1 33 5) 5 complete recovery 
2 58 4 2 He a 
1 non-specific lesion 
3t 30 2 See text 
il 


localized infection 


* At time of inoculation. 


+ This group was inj. in the foot. All others inj. intraperitoneally. 


four controls injected after 16 days on diet. 
One severe fatal (46 days after injection) 
corynebacterium infection occurred, showing 
wide dissemination in and beyond the peri- 
toneum. The other animals surviving up to 
68 days after injection had only moderate or 
localized peritoneal lesions, but even these 
manifestations were lacking in all four con- 
trols. Group 2, comprising a single pair in- 
jected after 23 days on diet showed in the 
deficient animal a severe widespread infection, 
fatal in 16 days, while the control was free 
of lesions. Group 3 included 7 animals with 
6 controls. They were injected after 40 days 
on diet. All seven died of widespread coryne- 
bacterium infection which had centered in the 
peritoneal cavity. Two of these, surviving 
only 3 days had peritoneal surfaces that re- 
sembled sandpaper, the granules representing 
clumps of bacteria as described above. The 
average survival time here was about 13 days. 
Four controls showed no lesions at autopsy; 
and two, respectively, had one and two small 
peritoneal abscesses. It is to be noted that 
the latter control animal was killed according 
to policy only three days after injection when 
its littermate was found dead, whereas other 
controls had a longer period in which to effect 
total recovery. 

Series B (Table 1) was put on experiment 
at 4 weeks of age, and injected after a gen- 
erally longer period of deficiency. Except for 
these differences, treatment of the animals 
was identical to that of series A. There were 
8 experimental rats and 8 littermate controls, 
divided in the following manner: Group 1 


had in it 5 experimental animals and 5 con- 
trols. They were injected after 33 days on 
diet. Three of the deficient animals developed 
either focal or generalized peritonitis with 
spread of infection to other organs, and 2 
had peritonitis alone. The 5 controls had no 
lesions. Group 2 contained 3 animals with 3 
controls. They had been on diet 58 days 
before being injected. The deficient animals 
all had focal peritonitis of varying severity, 
with spread of infection to other organs. Two 
controls had no lesions. The third control, 
killed 17 days after injection, had a single 
atypical non-specific inflammatory lesion in 
the peritoneal cavity. In group 3 the injection 
site was the foot; the 3 animals of this group 
were injected after 30 days on the deficient 
diet. There were no littermate controls, but 
the rats on stock diet which were injected in 
the foot and described above may serve for 
comparison. Infection reached the lungs in 
one case, and the kidney, pelvis and ureter in 
another. It remained localized though active 
in the third. 

Discussion. The Coryneform organisms (2) 
of no direct importance in human disease lack 
definitive classification and nomenclature 
despite their considerable role in infections of 
domestic animals. (See Merchant(3) and 
Brooks and Hucker(4).) The resultant con- 
fusion is particularly apparent when the dis- 
eases of laboratory animals are considered. 
The ability of the present organism to produce 
progressive or fatal disease when injected 
intraperitoneally in mice, and its failure to do 
so in well-nourished rats place it in a category 
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with organisms studied by Kutscher(5) in 
rats and mice, by Bongert(6) in these and 
other animals, and Reed(7) in mice. A 
corynebacterium has been recently  en- 
countered by Le Maistre(8) in cortisone 
treated rats whose lesions bear a resemblance 
to those of our animals. 

The situation described in this report offers 
an unusually favorable opportunity for the 
study of mechanisms of natural resistance. 
Through control of diet, resistance and sus- 
ceptibility can be produced at will in the 
same species, even within the same litter. The 
organism is easily recognizable on smears and 
is readily cultured. Its virulence may be veri- 
fied in the naturally susceptible mouse. The 
disease itself may be studied as it occurs 
spontaneously, or as an experimentally in- 
duced infection. 

Summary. A corynebacterium has been iso- 
lated from spontaneous “pseudotuberculous” 
lesions of pantothenate-deficient rats. In in- 
oculation experiments the organism is not 
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pathogenic for rats on a fully supplemented 
diet in doses which produce progressive dis- 
ease in deficient animals. This break in resis- 
tance can be demonstrated by inoculation of 
the organism sometimes as early as 16 days 
after the rats have been placed on the de- 
ficient diet, before overt deterioration in physi- 
cal condition has developed. 
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Intracellular Localization of I!-Tagged Lactogenic Hormone in 


Mammary Gland of the Rabbit.* 


(20939) 


W. F. WILLIAMS AND C. W. TuRNER. 
From the Department of Dairy Husbandry, University of Missouri, Columbia, Mo. 


The lactogenic hormone is believed to func- 
tion, primarily, in the epithelial cell of the 
mammary gland in initiating and maintaining 
the synthetic activity of these cells. Its activ- 
ity in this connection would involve the activ- 
ation and maintenance of the enzyme systems 
involved in the synthesis of the various con- 
stituents of milk. The question arises as to 
the role of the various cell components in milk 
secretion(1). If it could be shown that the 
lactogenic hormone becomes associated in 
greater concentration with certain cell par- 
ticulates, it would be presumptive evidence of 


* Contribution from the Department of Dairy Hus- 
bandry, Mo. Agric. Exp. Station, Journal Series No. 
1417. Approved by the Director. 

This investigation was supported in part by re- 
search grant from the National Institute of Arthritis 
and Metabolic Diseases of the National Institutes of 
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the synthetic activity of such particulates and 
of the site of hormone activity in the cell. 
Cox(2) and Sonenberg et al.(3) demon- 
strated that the lactogenic hormone tagged 
with I?*! lost little biological activity and 
following intravenous injection could be found 
localized in various tissues. Stadie, Haugaard, 
and Vaughan(4) demonstrated the binding of 
I'31 tagged insulin in diaphragm muscle. 
Crampton and Haurowitz(5) used tagged an- 
tigens in their study of antibody formation 
and used the procedure of centrifugal frac- 
tionation of tissue homogenates to determine 
the point of intracellular localization of the 
antigens. These methods have been applied 
to a study of the intracellular localization of 
lactogenic hormone in the mammary gland. 
Methods and materials. Essentially, the 
method of Stadie, Haugaard, and Vaughn(4) 
was followed for the preparation of lactogenic- 
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TABLE I. Intracellular Localization of I?*'- 
Tagged Lactogenie Hormone. 
—————oooooooe—————— 


Mean total Range of 

Cell fraction activity, % activity, % 
Nuclei 5.2 3.0- 6.8 
Mitochondria 51.9 41.0-65.0 
Microsomes 30.9 23.0-45.0 
Total particulates 82.8 72.,8-89.2 
Supernatant itll 5.1-21.6 


I! The lactogenic hormone preparation 
used assayed 20-30 I.U./mg, and contained 
less than 1% each of ACTH, growth hormone, 
FSH, and thyrotropin. Fifteen-day pseudo- 
pregnant rabbits were injected intraductally 
with approximately 5 I.U. of the tagged lacto- 
genic preparation according to the procedure 
used by Lyons(6). The animals were sacri- 
ficed 45 to 95 minutes post-injection, the 
mammary glands were removed and all subse- 
quent fractionations carried out in the cold. 
Mammary gland cell fractions were obtained 
essentially by the method of Schneider and 
Hogeboom(7), modified for the extraction of 
nuclei by the method of Wilbur and Ander- 
son(8). Previous to cellular fractionation, 
the mammary tissue was ground, washed 5 
times with isotonic sucrose, and then homo- 
genized in isotonic sucrose. All samples were 
digested with KOH at 100°C, taken to faint 
alkalinity (phenolphthalin), dried on planch- 
ets, counted in a scintillation counter and cor- 
rected for sample self-absorption. The data 
reported includes the results of 6 experiments 
in which the localization of the I'*! tagged 
lactogenic hormone was determined for the 
several components of the cells of the mam- 
mary gland. 


Results. It will be seen that the [1*?- 
tagged lactogenic hormone was observed to be- 
come associated to a great extent in the parti- 
culate fractions of the mammary gland cells 
(Table I). The mitochondria contain over 
half the radioactivity and the microsomes al- 
most one-third of the remainder. There was 
little activity in the nuclei and only nominal 
amounts in the supernatant fraction of the 
cells. 

Discussion. The pseudo-pregnant rabbit 


mammary gland is very sensitive to the action 
of the lactogenic hormone. It was shown by 


Lyons(6) that the action of the lactogenic 
hormone could be localized in individual areas 
of a single gland by the injection of the hor- 
mone directly into the ducts at the end of the 
teat. Lactation was induced only in the area 
of a single gland where the hormone was in- 
jected. These experiments prove that intra- 
ductally injected lactogenic hormone is lo- 
cally absorbed by the mammary gland cells. 
It was shown in the present work that within 
a period of 1% hours, the hormone was 
largely localized in association with the par- 
ticulate fractions of the cells. These data sug- 
gest that the site of activity of the hormone 
is in association with the mitochondria and 
microsomes of the cells and further, that the 
particulates of the mammary gland cells play 
important roles in the synthetic activity asso- 
ciated with milk secretion. 

Summary. The lactogenic-I**1-tagged hor- 
mone was injected intraductally into the mam- 
mary glands of rabbits at the end of pseudo- 
pregnancy. After 45 to 95 minutes, the 
glands were removed and the components of 
the cells were separated. It was shown that 
the radioactive lactogenic hormone was local- 
ized, to a great extent, in the particulate frac- 
tions of the mammary cells. The nuclei and 
supernatant portions of the cell contained 
little hormone. These data suggest that the 
site of activity of the hormone is primarily in 
association with the mitochondria and micro- 
somes of the cells and, therefore, that the par- 
ticulates of the mammary gland cells play 
important roles in the synthetic activity of 
the cells. 


1. Turner, C. W., The Mammary Gland, Chapter 
11, Pub. Lucas Bros., Columbia, Missouri. 1952. 

2. Cox, Anat. Rec., 1951, v109, 285. 

3. Sonenberg, et al., Endo., 1951, v49, 709. 

4, Stadie, Haugaard, and Vaughan, J. Biol. Chem., 
1952, v199, 729. 

5. Crampton and Haurowitz, Science, 1950, v112, 
300. 


6. Lyons, Proc. Soc. Exp. Biot. anp MEpD., 1942, 
v51, 308. 
7. Schneider, and Hogeboom, J. Biol. Chem., 1950, 


vil83, 123. 
8. Wilbur and Anderson, Exp. Cell. Res., 1951, 
v2, 47. 


Received March 10, 1954. P.S.E.B.M., 1954, v85. 


